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INTRODUCTION. 

THIS piece of work was originally undertaken in 1896 as a 
study of the behavior of the centrosomes in the fertilization of 
the egg of Unio, but I was soon led into a general study of 
the centrosomes in this egg. The results which I obtained 
seemed to be irreconcilable with the views then current of the 
functions of the sperm-centrosomes in fertilization, and with 
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the general theory of the permanence of the centrosome as 
the special organ of cell division, or the center of organic 
radii. Brief abstracts of the results were published in the 
form of two short papers, read before the American Society of 
Morphologists in the winter meetings of 1897 and 1898, sum- 
maries of which appeared in Science in March, 1897 and 1898. 
The second paper was also published in full in the ZooZogicaZ 
BuZZetifz, Vol. I. Part of the subject was described for the first 
time in my paper on ((Adaptation in Cleavage,” in the Bio- 
ZogicaZ Lectures for I 898 (Lillie, ’97-’99). 

Since this work was begun the entire centrosome question 
has entered on a new phase of development, and the subject 
now appears to me to be in such a condition that the great 
need is for careful observations rather than for any attempt 
to found new theories or defend old ones; any such attempt 
in the present state of our knowledge would be premature. 
I t  is in this spirit that I publish the following detailed account 
of my observations. The work, moreover, has had for me a 
greater embryological than purely cytological interest ; hence 
I lay the greatest weight on the evidence as to the organiza- 
tion of the egg. The conclusions concerning this subject link 
themselves directly to my earlier observations (‘95) on the cell- 
lineage of Unio, and are a further elaboration of the principles 
laid down in that paper. 

The orienta- 
tion is not due to the arrangement of the deutoplasmic mate- 
rials, for the yolk-granules have no definite abiding-place in 
this egg, but are driven here and there by cytoplasmic move- 
ments. Yet of all the many hundreds and even thousands of 
eggs examined, not one was found in which the polar globules 
were not formed opposite to the micropyle, which thus occu- 
pies the center of the vegetative pole. It is here, of course, 
that the spermatozoon enters. 

The eggs are fertilized in the suprabranchial chamber by 
spermatozoa that enter with the inhalent current of water. 
Apparently, contact with the water may act as stimulus for the 
first breaking of the germinal vesicle ; because, so far as my 
observations go, the spindle is not formed in the ovary, and I 

The egg of U~zio is most definitely oriented. 
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have found unfertilized eggs with the first maturation spindle 
fully formed, Moreover, I have never found an egg, into 
which the spermatozoon had entered, in which, a t  the same 
time, the first maturation spindle was not forming. 

It seems probable, from some observations I have made on 
the breeding habits of U~zio, that the presence of spermatozoa 
in the water may act as a stimulus to  the female, causing the 
extrusion of eggs. 

The general course of events after the entrance of the 
spermatozoon is this : a sperm-amphiaster is formed very soon 
after the -penetration of the sperm-head, which moves up 
towards a definite zone above the equator of the egg and there 
comes to rest. The  sperm-amphiaster gradually disappears, 
and the sperm-nucleus, which has enlarged considerably during 
its penetration, contracts in volume nearly to  its original bulk. 
By the time that this is accomplished the first maturation 
spindle is entering on its metaphase. The  sperm-nucleus 
undergoes no further changes until after the completion of the 
second maturation division, at which time it grows in size 
synchronously with the egg-nucleus and begins to describe its 
copulation path. The  copulation path of the germ-nuclei is 
by no means siMple, but they ultimately come into contact 
at or near-the center of the egg. The  first cleavage spindle is 
then formed, and moves axially to one end of the egg ; thus 
the first cleavage is very unequal. 

I. THE BEHAVIOR OF THE SPERMATOZOON IN THE EGG UP 

TO THE TIME OF EXTRUSION OF THE SECOPITD 
POLAR GLOBULE. 

I .  The Spemz-NucZeEus. 

The spermatozoon enters through the micropyle shortly 
after the breaking down of the germinal vesicle. In  mounts 
of entire eggs at this stage one can see a number of sperma- 
tozoa clustered around the region of the  micropyle, and may 
even see one within it. But it very rarely happens that more 
than one enters and fuses with the egg, for I have not seen 
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more than two or three cases of polyspermy in the thousands 
of eggs examined. The head of the spermatozoon is shaped 
like a blunt cone, and so should furnish evidence of rotation, 
if this really occurs. But as it rounds off almost immediately 
on entering, and as the sperm-aster does not form at once, the 
evidence is inconclusive. 

The usual path of the spermatozoon is shown in P1. XXIV, 
Figs. I and 2 .  It is always towards one side of the egg and 
in the direction of the animal pole. The path is frequently 
quite direct, as in P1. XXIV, Figs. I and 2, but is often 
curved more or less. When the sperm-nucleus has passed 
above the equator a little way, its movement stops and it 
remains quiescent until after the formation of the second 
polar body. 

During its penetration the sperm-nucleus swells up some- 
what by the accumulation of caryolymph within it, forming 
a nucleus with a thick chromatic wall and a reticulum of a 
few strands only. A t  this time it possesses almost invariably 
a sharp apex directed forwards and a broad base, thus corre- 
sponding very nearly in form to the head of the spermatozoon 
before its entrance. But as it has power, after entering, to 
change its form very considerably, it does not of necessity 
follow that the apices correspond in the two cases. 

Arrived at a point of equilibrium in the egg-substance, its 
place of rest, the sperm-nucleus rounds off and contracts in 
volume. As it does so, the chromatic reticulum becomes very 
regular (Pl. XXIV, Fig:. 7, 8, g a and 9 b). By careful study 
it is possible to determine that there are about sixteen regular 
hexagonal interchromatic areas on the surface ; and as this 
agrees with the number of the chromosomes that ultimately 
develop from it, it seems probable that each of these areas 
corresponds to a chromatin-vesicle or chromosome, The con- 
traction proceeds during the anaphase of the first maturation 
division, until the cavity of each vesicle becomes indistinguish- 
able, and the sperm-nucleus is then a small mulberry-like body, 
staining intensely black. Sobotta (‘97, p. 46) has described in 
Amfhioxzss a similar enlargement and subsequent contraction 
of the sperm-nucleus. 
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There is nothing specially worthy of note in the further 
behavior of the sperm-nucleus during 5ts resting period ; appar- 
ently it undergoes no further change, and certainly mqkes no 
other movements until after the formation of the second 'polar 
body. Then it begins to enlarge again by the accumulation of 
caryolymph in its interior, keeping pace with the growth of 
the egg-nucleus ; and both nuclei begin to move inward at 
the same time. The details of the growth and movements 
of the germ-nuclei are better considered together, and will be 
described thus after the section on the maturation of the egg. 

2 .  The Sperm-Aster and Amphiaster: Orzgin and 
Dzsafpearazcc.. 

a. Obsewations.-I have not been able to determine the 
exact origin of the sperm-centrosome in the egg of Unio, 
and have nothing to contribute to this subject. The aster 
is comet-like in form during the penetration, and possesses 
a small apical centrosome which soon divides ; separation of 
the halves produces a typical amphiaster. The amphiaster 
frequently precedes the sperm-nucleus, with its axis in the line 
of movement and its long rays trailing behind (PI. XXIV, 
Figs. I arid 2) and losing themselves in the cytoplasmic retic- 
ulum. But the centrosomes may separate in a direction at any 
angle to the penetration path up to a right angle (Pl. XXIV, 
Fig. 4). It seems probable that the latter is the case, when 
the division of the centrosome is delayed until the penetra- 
tion path is nearly completed. Frequently the rays of the 
amphiaster engage with those of the inner aster of the matura- 
tion spindle, and may become continwus with them. In one 
case I found an apparently perfect spindle, one pole of which 
was formed by the inner centrwome of the maturation spindle, 
and the other by one of the sperm-centrosomes. This would 
seem to indicate development of the fibers from a common 
reticulum or foam-structure. 

The comet-like form of the aster in the egg of Unio seems 
to be quite unique. That it is not due to any peculiarity 
in the structure of the protoplasm of this egg is shown by 
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the fact that the same aster becomes radial after the penetra- 
tion path is complete. Therefore, it is due in some way to 
the conditions of the penetration ; these probably affect the 
form of the aster in two ways : I .  It  is noticeable that rays 
form more readily in protoplasm free from yolk-granules ; there 
is a yolk-free path behind the amphiaster, and the rays would 
naturally be longer within this area. 2. The mere forward 
movement of the centrosomes would tend to draw out the rays 
extending behind and to’shorten those in front. 

Shortly before the metaphase of the first maturation spindle 
the sperm-asters undergo retrogressive metamorphosis, and, as 
they disappear, the yolk-granules flow in and gradually obliterate 
all traces of the clear area. Figs. 7 a, 7 6, 8, and g a, P1. XXIV, 
illustrate progressive phases of this process. Figs. 7 a and 7 b 
are two sections of the same amphiaster two. sections apart. 
The centrosome nearer the sperm-nucleus (7 a) is united to the 
tip of the latter by a delicate fiber, and the radiations originally 
surrounding it have completely disappeared. The more dis- 
tant centrosome is still surrounded by a welldefined aster, 
which, however, in the irregularity of the rays and the number 
and size of the microsomes on them, shows plain signs of 
degeneration. In P1. XXIV, Fig. 8, we have a more advanced 
stage of degeneration; the nearer centrosome can now no 
longer be distinguished among the microsomes, and the more 
distant one is barely discernible, the rays having nearly disap- 
peared ; the yolk-granules have encroached on the clear area. 
In P1. XXIV, Fig. 9 a, neither centrosome can be distinguished, 
and the clear area is nearly obliterated. In the last stages of 
degeneration of the aster the centrosome is distinguishable 
from a cytomicrosome only by its position. When the aster is 
entirely gone, one sees in its place simply ordinary vesicular 
protoplasm with nodal microsomes. There can be no doubt of 
the resolution of the radiations into the cytoplasm ; and if the 
centrosomes do not simply become microsomes, they certainly 
become indistinguishable from them by any visible morphologi- 
cal character. The view that they persist as definite entities 
of specific structure and function is not inherently impossible, 
but there is nothing in the observations to indicate this, and 
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the subsequent history of centrosomes in this egg gives no 
support to such an hypothesis. 

b. Literatwe. - There are so many observations of the 
undoubted origin of the sperm-aster around the middle-piece 
of the spermatozoon that there is a strong presumption in 
favor of assuming such an origin even when it cannot be 
directly observed (Wilson and Mathews, ‘95; Fick, ’93; Foot, 
‘98; Van Der Stricht, ’98, and others). But the time at which 
this aster appears varies greatly in different cases. Foot says 
(‘98, p. 5 1 )  : In studying the literature I have not been able 
to find any satisfactory evidence of the appearance of a sperm 
attraction sphere earlier than the anaphase of the first matu- 
ration spindle.” I t  certainly seems a general rule that the 
radiations do not appear until about this time, however early 
the spermatozoon may enter. The case of Unio is a striking 
exception to this rule, for here the sperm-aster is formed, and 
divides and vanishes before this time. In  AremXa (Child, ’98) 

the sperm-aster also appears early, just after the first matura- 
tion spindle has taken a radial position, but division follows 
much later. 

Disappearance of the sperm-asters and centrosomes has 
been observed in a number of cases, though the process is not 
usually described in detail. On account of the importance of 
this phenomenon I will give rather full citations : 

Van Name (‘99) states that in PZanocem he has not been 
able to learn anything of the subsequent fate of the sperm- 
centrosomes, ‘‘ nor to demonstrate any connection between 
them and the cleavage centrosomes.” From this I conclude 
that they disappear before the first cleavage spindle is formed. 

In  Arenicola (Child, ‘97) the sperm-amphiaster is well devel- 
oped during the last phases of formation of- fhe second polar 
body. After this is formed <&the  two centrosomes have dis- 
appeared, the polar regions of the spindle being occupied by a 
fine network. The rays are evidently disintegrating, and the 
spindle is barely indicated in the cytoplasm. These structures 
present this appearance with regularity at this stage. I t  is 
certainly not due to imperfect fixation or errors in technique, 
for on the same slide are eggs in somewhat earlier stages, with 
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distinct ‘ male ’ centrosomes, spindle, and radiations. The 
following stages afford a‘further confirmation of the view that 
this disintegration is a $art of the normal history of these 
structures, f o i  a little later there is no trace of asters or 
spindles in this egg.” * Concerning the cleavage centers, Child 
says : “ I  am inclined to regard the cleavage centrosomes as 
new formations and as not related to the male ’ centrosomes.” 

Wheeler (‘97) finds no sperm-aster in MJrzusioma, and though 
Kostanecki (‘98) has since observed its appearance exception- 
ally in this egg, he has not been able to trace it into the first 
cleavage spindle. Wheeler finds that the cleavage centers are 
furnished by the egg. 

. In PZeurophyZZia’iu (MacFarland, ’97) the sperm-asters dis- 
appear entirely during the formation of the second polar body. 
The centrosomes can no longer be distinguished. 

In RZZoZoobophorn foetida ( ( the sperm attraction sphere is 
present until the head of the spermatozoon begins to develop 
into the male pronucleus, when it also totally disappears. Both 
spheres, i.e., sperm and egg spheres, are absent during a rela- 
tively long period (i.e., while the young pronuclei are develop- 
ing) ; and when the pronuclei have attained their maximum 
size and are in contact, two attraction spheres appear again in 
the cytoplasm, and the cleavage spindle is formed.” (Foot, ’97, 

In Prostheceruezts (Klinckowstrom, ’97) both egg and sperm 
asters disappear completely before the union of the germ- 
nuclei. 

after the germ-nuclei are nearly 
in contact, the sperm-asters have served the purpose for which 
they were intended, and completely disappear in a manner 
quite similar to that of the aster remaining in the egg after 
the formation of the second polar body. Even the centro- 
somes are lost from sight in most cases.” Exactly the same 
thing is true of Physa (Kostanecki and Wierzejsky, ‘96). 

In Echinoderms the sperm-asters become much less distinct 
at  the time of meeting of the germ-nuclei. Coe states (‘99, 

p. 455): “Observations which I have made oq the eggs of 
Echinus, of Spkaereckims, and of StrongyZocentrutus, lead me to 

p. 811). 

In CerebratuZ~ (Coe, ’99), 
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believe that this diminution of the asters just  before the union 
of the germ-nuclei is much greater than has been described.” 

11. THE MATURATION OF THE EGG. 

I have not observed the  breaking down of the germinal 
vesicle ; but from the study of ovarian eggs I have found that 
before extrusion it lies excentrically near the  animal pole. I n  
the earliest stage of the first maturation spindle observed (not 
figured) the two centrosomes lie near the periphery in the 
neighborhood of the animal pole, and at the same distance 
from i t ;  the chromosomes lie between them, but much nearer 
the center of the egg, so that the spindle is bent in the middle. 
T h e  asters are barely indicated in this stage. T h e  axis of the 
spindle straightens by the inward migration of the centro- 
somes to the level of the chromosomes, so that the whole 
spindle lies very little above the center of the egg. Then 
follow the rotation, elongation, and peripheral migration of 
the entire spindle (Pl. XXIV, Figs. I ,  2 ,  5, 6, and 9). 

I ,  The Chmmsomes i f 2  Mntu.zltion. 

I have paid relatively little attention to this subject, as I 
was chiefly concerned with the  study of cytoplasmic phe- 
nomena. However, some of the observations are of interest. 
Sixteen chromosomes are formed in the germinal vesicle. In 
the earliest stage seen they are apparently typical tetrads, 
which, however, elongate before they become arranged in the 
equatorial plate. Each chromosome then takes on the form 
of a longitudinally split rod with two constrictions. T h e  first 
division is at  right angles to the axis of the rod, and passes 
midway between the two constrictions, The  chromosomes 
take on the very characteristic forms represented in P1. XXIV, 
Figs. I ,  2, 5 ,  and 9 ;  material accumulates at the two ends of 
each chromosome, and, as in a heterotypic division, also in the 
middle. The  chromosome finally parts in the center of this 
median accumulation. As the chromosomes diverge towards 
the  poles, they undergo typicai changes in form, until, when 



236 LILLIE. [VOL. XVII. 

they reach the poles, each has reassumed the 6-partite form, 
z i ,  a double rod with two transverse constrictions (Pl. XXIV, 
Figs. 11, 12). The second division of the chromosomes for 
the formation of the second polar globule is longitudinal, as 
shown in P1. XXV, Figs. 19-21. 

T h e  forms of the chromosomes in the maturation spindles 
of the  egg of Uzio resemble closely those in corresponding 
stages of the eggs of PrustReccrams (Klinckowstrom, 9, of 
Thadassema (Griffin, '99), and of Zirphaen, another lamelli- 
branch (Griffin, '99). The  first division is certainly at  right 
angles to the long axis of the chromosomes, as these lie in the 
equatorial plate, and the second division is with equal certainty 
longitudinal. But as the history of the tetrads in lil& is 
unknown, it is quite possible that the first division is mor- 
phologically a longitudinal division and the second transverse, 
that is, a reducing division in the usual sense. Klinckowstrom 
comes to the conclusion that this is probably the case in the 
egg of Prostheceraezrs, though the evidence he affers is not 
conclusive. Griffin ('99) has made a very detailed study of this 
form of chromosome, and has shown in an ingenious manner 
that the  first division may be interpreted as following the 
longitudinal division of the original spireme, and the second 
as transverse to this, that is, a reducing division in the ordi- 
nary sense. If his interpretation should turn out to be just, 
it would have a wide application, seeing that this form of 
chromosome is found in flatworms and Gephyrea as well as 
in mollusks. 

2 .  Achromatic Stnictacws. 

As already stated, the earliest cytoplasmic phases of matura- 
tion have not been observed ; thus the question of the origin 
of the egg-centrosomes will not be considered. We may 
begin, therefore, with a description of the aster of the first 
maturation spindle at  the  time of the metaphase. A t  this 
time the aster at  either end of the spindle has the following 
structure (Pl. XXIV, Figs. 9 and 10) ; in the exact center is a 
minute centrosome, which has begun to elongate, subsequent 
to  division. This is imbedded in a substance, homogeneous 
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in appearance, staining uniformly in Bordeaux red, which is 
traversed by fine radiations centering in the centrosome. A 
short distance from the centrosome, and at  the periphery of 
the homogeneous substance surrounding it, each ray possesses 
a distinct microsome ; these microsomes together bound a 
definite body. which I have called the imzezner spAere, and the 
next row of microsomes on the rays bounds a fairly definite 
a r i t ~ r  sphere. Beyond this the radiations pass out into the 
general cytoplasm for a considerable distance. From the cen- 
trosome to the outer sphere each ray is a thread or fiber, but 
beyond the spheres the rays can plainly be seen to be united 
by more or less regular anastomoses ; and farther out the branch- 
ing of the rays and the increase in number of the anastomoses 
cause the rays, as such, to disappear in the general cytoplasmic 
network. The  whole appearance of the aster is such as to 
give the impression that it has adsen by a central strain in the 
cytoplasmic network; and the history of the origin of the 
aster in this and other places in this egg is such as to make 
this conclusion a jnc t ica l  certainty. I am inclined to believe 
that the cytoplasmic groundwork in this egg is primarily an 
alveolar structure, which may become :eticular or filar (as in 
the center of the  aster) by the breaking d o w ~  of alveolar walls. 
In  this opinion I agree with Wilson’s conclusions in his recent 
work (1900) on the structure of protoplasm. 

T h e  existence of double rays is a characteristic appea,,. *=rice 

in this stage of karyokinesis (PI. XXIV, Fig. 10, and others). 
However, I do not interpret these as due to I ‘  splitting ” of rays 
(Kostanecki, ‘99 but to approximation of independent rays. 
One would naturally expect this to occur if the aster arises in 
the manner indicated. 

During the anaphase the centrosome divides into two at  each 
end of the spindle (PI. XXIV, Fig. 1 1 ) ;  and, as the proto- 
plasm begins to protrude for the formation of the first polar 
body, each one of these four centrosomes becomes double or 
quadruple (Pl. XXIV, Fig. 12). Another process, which has 
been going on during the anaphase, is the peripheral accumu- 
lation ol the  ground-substance of the inner sphere 2nd the 
disappearance in this substance of the bounding row of micro- 
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somes so that the inner sphere becomes a vesicle with deeply 
staining wall and clear contents (Pl. XXIV, Figs. 9, 11, and 
12). T h e  rays which were originally attached to the centro- 
somes are now attached t o  the bounding membrane of the 
inner sphere. Within the sphere are fibers attaching the cen- 
trosomes to  the wall, but independent of the radiations of the 
aster. 

When the chromosomes are drawn up close to  the inner 
spheres (Pl, XXIV, Figs. I I and 12), the functions of the cen- 
tral spindle and asters are for the time a t  least completed, and 
both the latter become thickly studded with large microsomes. 

Then follows the outpushing of the first polar body 
(Pl. XXIV, Figs. 12, 13, and 14); as it is being formed, the 
egg-sphere and chromosomes move up near t o  the periphery 
of the egg, a t  the point of formation of the polar globule. 
New rays are seen at  this time extending from the central 
sphere to the periphery of the egg ; it is probably through the 
activity of these that the sphere and chromosomes approach 
the surface (Pl. XXIV, Fig. 13), for the rays disappear as soon 
as the  chromosomes have reached their most peripheral position 
(Pl. XXIV, Fig. 14). This peripheral transfer of the sphere 
and chromosomes results in the drawing out of the remains 
of the original aster into fibers, as  shown in P1. XXIV, Figs. 
1 3  and 14. 

During the last phases of the formation of the first polar 
body there is a very considerable diminution in size of the  
sphere. This has the effect of bringing the centrosomes much 
nearer together (Figs. 1 3  and 14). Sometimes, apparently, they 
fuse ; or the process may go farther, and both centrosomes and 
sphere may disappear, 

The  mode of formation of the spindle of the second polar 
body varies, according to whether the centrosomes and sphere 
left over from the  first division disappear or not. Let us con- 
sider the latter case first. 

In this case there is within the egg a t  the close of the first 
maturation division the sixteen bivalent chromosomes, and a 
sphere containing two compound centrosomes. This aggrega- 
tion lies near the periphery of the egg. T h e  aster that  origi- 

2 3 s  
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nally surrounded the sphere is still in process of degeneration, 
and the yolk-granules are beginning to intrude on it (Pl. XXIV, 
Fig. 14). The fibers that reached from the sphere to the 
periphery of the egg have completely disappeared. This is a 
period of inactivity. 

Figs. I 5-20, P1. XXV, illustrate the development of the 
second maturation spindle ; they are drawn from eggs in which 
the spindle formed in its definitive radial position. But in other 
eggs of the same set the spindle was found forming at various 
angles with the axis of the egg, later swinging into a radial 
position, It will be noticed that there is no inward migration 
of the chromosomes and sphere prior to the spindle formation, 
as in the eggs of some other animals, and as in those eggs of 
Unio in which the division-apparatus ” of the first matura- 
tion division disappears. 

The first step in the formation of the new spindle is the 
enlargement of the sphere ; new radiations appear around it 
(Pl. XXV, Fig. 15)  ; the centrosomes diverge, frequently in a 
radial direction, as has been already mentioned, and a very 
minute central spindle is seen between them ; the boundary of 
the sphere still persists. As wiZZ be shown Zater, the entire 
inner sphere is the product of a singZe cenLmsame; hence in 
a certain sense (6 Centrosoma und CentraZspindeZ bizden ein 
Ganzes ” (Heidenhain). 

By elongation of the central spindle the centrosomes are 
brought in contact with opposite sides of the wall of the 
sphere, and, pressing against the latter, cause it to elongate 
(Pl. XXV, Fig. 16). The central spindle, filling the entire 
interior of the sphere, stretches between the centrosomes, 
which have become larger and more subdivided, and stain 
intensely black in iron-haematoxylin. The fibers of the cen- 
tral spindle have been formed out of the ground-substance of 
the sphere, either by direct conversion of its substance or by 
growth of the few original fibers at the expense of the ground- 
substance. The radiations which have arisen anew (Fig. 16) 
are related to the sphere as a whole, and not to the centro- 
somes as independent centers. 

As the spindle elongates still more, the wall of the sphere 
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becomes stretched out to form the periphery of the central 
spindle (Pl. XXV, Fig. r7), and the radiations entirely dis- 
appear, leaving the spindle in the center of a mass of vesicu- 
lar cytoplasm. T h e  outer end of the spindle pushes up through 
the group of chromosomes nearly to the periphery of the egg. 
I n  Fig. 1 7  the first faint mantle-fibers can also be seen stretch- 
ing from each chromosome to the inner centrosome. 

Fig. 18, PI. XXV, illustrates a later important phase in the 
elongation of the spindle. One of the most interesting fez- 
tures of this stage is the change which the inner centrosome 
has already undergone, to be described in detail immediately 
below. The  elongation of the spindle, after the outer end has 
become fixed at  the periphery of the egg, has resulted in the 
passive drawing out of the protoplasmic vesicles in straight 
rows extending to the surface. The appearance of crossing of 
rays seen in this and other figures is due, I am convinced, to a 
double strain on the same mass of protoplasm. The  chromo- 
somes have now been drawn, apparently by their attached 
fibers, around the equator of the spindle. The  asters are 
beginning to develop at  both ends by continuous arrangement 
of adjacent alveolar walls. This is very plainly shown by com- 
parison of Figs. 17 and 18, P1. XXV. 

Figs. 19, 20, and 21,  P1. XXV, illustrate successive later 
stages of the same processes and need not be described in 
detail here. They carry us to the metaphase of the second 
maturation spindle. T h e  structure of the centrosome, spheres, 
and aster in Fig. 20, P1. XXV, is precisely the same as in 
the stage with which we started (Pl. XXIV, Figs. 9 and 10). 
Indeed, at  the  metaphase of any spindle we have the same 
structures. It is  aZways at the metaphase that the centyosome is 
smaZZest; at  this stage the i?zner and outer spheres sire also 
invaYia@v marked by concentric YOWS of microsomes. 

Now, how are these structures related to the stage of 
Fig. 15, P1. XXV, with which we ceased our description of 
centrosome structure? In  this stage the large centrosome has 
simply increased in size and at  the same time become more 
subdivided. Figs. 24-27, PI. XXV, illustrate the changes 
which the  centrosome undergoes in assuming the form charac- 
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teristic of the nietaphase. These figures represent tangential 
sections of the outer aster and centrosome in stages corre- 
sponding to  those of the figures immediately above them, i .e . ,  
to Figs. 17-20. Cen- 
trosomc and Sphere in the Egg of Unio” (‘98) : “These 
figures show two processes taking place : ( I )  the subdivision of 
the relatively large centrosome granules and their distribution 
in the form of a sphere ; and (2) the  increase of the red-staining 
substance in which the granules are imbedded. The  peripher- 
ally distributed granules become the stratum of niicrosomcs 
bounding the inner sphere. One of the granules remains 
behind as the 6 centrosome ’ of the newer sphere ; which one 
is, apparently, determined entirely by position. The  outer 
sphere has developed during this process. 

“ T h e  black granules in the inner sphere of Fig. 27 are 
plainly much less in bulk than those of Fig. 24. There is no 
doubt that a large part of the centrosome granules has been 
changed into the red-staining substance of the sphere, which is 
identical in all noticeable respects with the substance from 
which the central spindle was formed. In a later stage the 
fibers of the latter are dotted with large, deeply staining micro- 
somes.” Here is evidence of the lack oi 2ersistence of the 
mici~osomes as definite morphological elements. 

“F rom this description it would seem to  follow that the 
centrosome of one cell generation becomes the inner sphere 
of the next ;  and this is undoubtedly true a t  times. But I 
do not believe that the inner sphere has ?zecessarily any such 
definite morphological value as this would seem to imply. 
For it may disappear between the first and second maturation 
divisions, and is then re-formed as the first step in the pro- 
phase of the second maturation spindle from the cytoplasm. 
The  same method of formation may also be observed in other 
places (e.g., formation of the first cleavage spindle). 

‘<Both Van Beneden’s and Boveri’s conceptions of this 
structure appear as phases in the history of the mitosis, 
though Boveri’s ‘ centrosome ’ is really inner sphere, and his 
‘ Centralkorn ’ or ‘centriole ’ really the centrosome.” 
I m ~ z  now, howevci; iaZi?tcd to modifv the guulzjkntion that 

To quote from my earlier paper on 



242 L fLLIE. [VOL. XVII. 

the inner sphere has not necersalciCy a de/dnite moVhologicaZ 
value, in the sense that it is always, pYoba@, a product of 
growth of the centrosome. But it seems to  me probable that 
the Zatter is of pure& fzmdoizal signz$cance. 

“ T o  the criticism that the centrosome phases shown in 
Figs. 24-27, P1. XXV, may be pathological, i.e., due to imperfect 
extraction of the haematoxylin or other action of the reagents, 
it may be replied : first, that they are found with different 
killing fluids ; second, that the changes are perfectly uniform 
in all cases, so that, knowing the stage of development of the 
spindle, one can be certain that a definite stage of the centro- 
some will be found ; third, that inasmuch as the inner aster 
develops much more rapidly than the outer, the inner cen- 
trosome passes through these phases more rapidly. Thus 
one often finds a spindle, e.g., Figs. 18 and 19, PI. XXV, in 
which the inner centrosome has already passed through the 
entire metamorphosis, while the outer is still in the stage of 
Fig. 24 or 2 5 ,  P1. XXV.” Thus one has a typical centro- 
some at  one end and the supposedly pathological centrosome 
at the other end of the same spindle ! 

In  regard to the formation of the entire central spindle of 
the second maturation division from the inner sphere (6 ‘  cen- 
trosome,” MacF.) my results are in complete accord with those 
of MacFarIand on DiauZlzda (‘97). But concerning the origin 
of the inner sphere (‘‘ centrosome,” MacF.) of the second 
maturation spindle I believe my results to  be more trust- 
worthy than those of MacFarland. This author describes the 
inner sphere as arising around the minute (‘ Centralkorn ” by a 
condensation of the substance of the central spindle a t  either 
end. I have sometimes found appearances similar to Mac- 
Farland’s figures in sublimate-acetic preparations which give 
a poor fixation of the eggs of Unio; but when the fixation is 
good I have always found the centrosomes standing out with 
the greatest clearness, and their differentiation into the inner 
sphere with the contained centrosome could be plainly traced. 
The  lack of detail in MacFarland’s figures of the cytoplasm 
gives the impression that the fixation of his materials was not 
of the best, which might explain our differences in regard to 
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this point ; for it seems to me unlikely that where the agree- 
ments are so many such important differences should also 
exist. 

I have already said that the sphere and centrosomes remain- 
ing within the egg after the first maturation division may dis- 
appear prior to the formation of the second polar spindle. 
When this happens, the process of formation of the second 
maturation spindle is (naturally) somewhat different from that 
already described. There next follows a stage with a single 
centrosome, whether one of the old ones or not I cannot 
say ; this lies just within and partly surrounded by the chro- 
mosomes, and is first recognizable as the center of a small 
aster, The regular arrangement of the microsomes on the 
rays of the latter gives the appearance of a regular sphere, 
analogous, I believe, rather to the outer than to the inner 
sphere already described. The centrosome divides in two, 
and the whole combination of chromosomes and aster moves 
in towards the center of the egg. A minute central spindle 
can be seen between the two centrosomes, which develops as 
the latter move apart. The developing spindle takes up a 
horizontal position central to the chromosomes and a little 
above the center of the egg (PI. XXV, Fig. 30) .  The sphere 
has dilated and continues to include the entire spindle, although 
it forms no part of the latter, as in the former method ; and 
the rays of the aster are related to the sphere and do not pene- 
trate within it. 

The centrosomes at either end of the spindle now divide 
repeatedly, forming a group of centrosome granules at either 
end ; and the chromosomes are gradually drawn around the 
periphery of the spindle at its center. Asters begin to  de- 
velop at either end, and the whole structure revolves into a 
radial position (PI. XXV, Fig. 3 r) ,  moving towards the surface 
as it does so. The centrosomes at  both ends then simul- 
taneously go through exactly the same process of development 
as in the former method. 

This mode of formation of the second maturation spindle 
was found in all of the eggs, which were preserved a t  this 
stage, of one female ; the modification was undoubtedly due 
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to some slight difference in the constitution of the cytoplasm 
in the two cases. That such different courses of events can 
yet lead to the same typical result indicates a most remark- 
able power of self-regulation of the entire ovum, and at the 
same time demonstrates that the mechanical processes of 
spindle and aster formation are not the primary factors in 
determining the position of the maturation spindles. 

The  later history of the sphere and centrosomes of the second 
maturation spindle is shown in Figs. 2 2 ,  2 3 ,  P1. XXV, and in 
Fig. 32,  P1. XXVI. During the anaphase the inner sphere 
becomes hollowed out in the interior, just as in the correspond- 
ing phase of the first maturation spindle; and, as there, so 
here, the wall of the sphere becomes the central area of attach- 
ment of the rays, the centrosome itself being united to the wall 
of the sphere by a few fibers, which are independent of the aster 
proper. In  the stage of Fig. 23,  P1. XXV, the centrosome 
is invariably placed excentrically within the sphere. What the 
meaning of this may be I have no idea. The centrosome does 
not divide during the anaphase of the second maturation 
division. But in the stage of P1. XXVI, Fig. 32, the sphere 
has enlarged considerably, and its interior is occupied by a 
reticulum, a t  the nodes of which are a number of microsome- 
like bodies. 

The accessory aster. - Shortly after the metaphase of the 
second maturation spindle an accessory aster is formed in the 
egg. It usually arises quite near the center of the egg and 
bears no fixed relation either to the maturation spindle or 
the sperm-nucleus ; the center of the aster is occupied by an 
exceedingly minute centrosome. The  latter divides and a 
small amphiaster is formed (Pl. XXV, Fig. 28) which entirely 
disappears before the stage of P1. XXV, Fig. 23. 

Is it simply 
due to  a renewal of activity of the sperm-centrosomes which 
disappeared a cell generation before, or is it an entirely new 
formation ? I do not believe that it has anything to do with 
the original sperm-asters for several reasons : in the first place, 
there are two sperm-centrosomes, and the accessory aster is 
a t  first single and later divides ; secondly, the usual place of 

What is the significance of $he accessory aster ? 
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origin of the accessory aster does not correspond with the  
usual place of disappearance of the sperm-amphiaster ; and, 
finally, in the egg of C?q&’uZa (Conklin, ’98a) there are two 
or three accessory asters formed a t  about this time, while 
the sperm-aster is perfectly distinct in connection with the  
sperm-head. Carnoy (‘86) has also observed accessory asters 
of three orders in the egg of Ascaris megaZocepkaZa during 
maturation. 

This negative result is the only definite conclusion a t  which 
I have been able to arrive. It would seem that in this stage 
the protoplasm of the egg is readily incited to aster formation 
(Unio, CripiduZa, Ascaris), and if one cannot refuse the name 
of centrosomes to the central granule of such asters, it would 
certainly seem to follow that there are present in the egg other 
bodies than the sperm- or egg-centrosomes capable of similar 
function. 

111. GROWTH, MIGRATION,  A N D  U K l O N  OF THE GERM-NUCLEI; 
BEHAVIOR OF THE SPHERE SUBSTANCE ; ORIGIN OF 

THE CLEAVAGE CENTROSOMES. 

I .  Obsenmtiom. 

Immediately after the formation of the second polar globule 
the egg-sphere undergoes a most extraordinary enlargement, 
which takes place so rapidly that it has been almost impossible 
to find stages intermediate between Figs. 32 and 33, P1. XXVI. 
The  interior of the sphere is filled with a very wide-meshed 
reticulum or alveolar structure, in the walls and at the nodes 
of which are deeply staining granules. The  boundary wall of 
the sphere can be seen during the greater part of the time of 
expansion ; but ultimately (Pl. XXVI, Fig. 34) it becomes 
stretched beyond the limits of visibility, and the sphere 
becomes directly continuous with the general cytoplasm. 
There is thus between the egg-nucleus and the center of the 
egg at  this time (Fig. 34) a mass of vesicular cytoplasm, derived 
from the inner sphere, entirely devoid of yolk-granules. As this 
substance preserves its individuality for a considerable time 
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and acts in a specific manner, it is best to designate it by a 
special name. So I shall speak of it as the sphere substame, 
following Conklin. 

During the growth of the sphere substance the two germ- 
nuclei also have been enlarging. The individual chromosomes 
do not form separate vesicles, as in so many eggs, but are 
intimately united, apparently by processes sent out from the 
chromosomes. The two germ-nuclei begin their growth at 
the same time and keep pace with each other throughout the 
process; so that it would be impossible to distinguish them 
apart were it not for their positions and the relation of the egg- 
nucleus to the sphere substance. 

The migration of the two germ-nuclei begins simultaneously 
some time before they have attained their full size. The egg- 
nuclezis is preceded in its j r s t  movements by the sphere sabstunce, 
which stretches out towards the side of the egg opposite to the 
sperm-nucZeus (PI. XXVI, Figs. 3 5  and 36)  ; at the same time 
the sphere substance undergoes a signzyeant change of f omn ,  
elongating in an equatoriaz pZane at mght angles to the line 
uniting the two germ-nuclei (PI. XXVI, Figs. 3 7  and 3 7  a). 

The egg-nucleus thus moves at  first away from the sperm- 
nucleus, which takes up its march in the direction of the former 
(Figs. 3 5  and 36). So far as my observations go, this is invari- 
ably the case. The two nuclei may meet a little to one side 
of the center of the egg; in which case they soon move to 
the center, or they may first come in contact at the center. 
At the time of their meeting there is no indication of an aster in 
any part of the egg; and I have only once found any such struc- 
ture in the sphere substance ; in this case the aster was exceed- 
ingly minute and no doubt sporadic in its appearance. In yet 
another egg I found an amphiaster in connection with the egg 
(?) nucleus some time before the meeting of the two nuclei. 
But this also was extremely unusual. 

To  return to the sphere substance : I have already spoken of 
its elongation in a horizontal plane at right angles to the line 
uniting the two germ-nuclei (Pl. XXVI, Fig. 37).  This elonga- 
tion continzres skntiZ them is a relative& nawow band of sphere 
substance stretching aZmost entire& across the egg (Fig. 3 7  a), at 
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a tiwze when the two gerwnucZei are stzlZ separated by a quarter 
o f  the diameter of the egg. The Zine of elongation of the sphere 
subslance warks the long axis of the$rst chavage spindle. Thus 
thcj5rst cZeavage must pass wry nearly through thepoint at which 
the sperm-nucleezis has been resting. 

The invariable migration of the sphere substance towards 
the side of the egg opposite to that in which the sperm-nucleus 
lies indicates one of two things : either that the sperm-nucleus 
has, so to speak, driven it away, or else that it is moving along 
lines of orientation of the egg-substance. The first alternative 
appears to me manifestly absurd, and the corollary of the sec- 
ond is that the sperm-nucleus has occupied throughout its entire 
resting period a definite position in the egg; and this can be 
explained only on the assumption of a definite orientation of 
the egg-substance, not only polar but also corresponding to 
the chief axes of the embryo. 

It might very readily be assumed, on the other hand, that the 
plane of the first cleavage is determined by the copulation path 
of the germ-nuclei, as is stated to be the case in the ova of some 
other animals, frog (Roux, 87) and Tuxopneustes (Wilson, '95). 

Rut whoever should take this position for Uniu would have to  
explain how it happens that the sphere substance elongates in 
the plane of the future first cleavage spindle before the germ- 
nuciei come together. I t  would be necessary, I believe, to  
assume that the distant sperm-nucleus exercises an influence on 
the direction of elongation of the sphere substance in the first 
cleavage, although in the next division the sphere substance 
acts independently. And this assumption is absurd on the 
face of it. (For discussion of this, see p. 262.)  

In  the movements of the germ-nuclei there are two factors 
concerned : first, certain dynamic relations between the egg-sub- 
stance and germ-nuclei, under which we include the influence 
exerted by the orientation of the egg-protoplasm ; and, second, 
the mutual attraction of the germ-nuclei. The latter controls 
the course of the copulation path of the  germ-nuclei to a great 
extent, but not altogether. It is generally, however, so strong 
a force that the influence of the former factor is not very 
apparent during the copulation path, but, after the germ-nuclei 
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have met, it is again in evidence in determining subsequent 
movements to  the place of origin of the cleavage spindle, and 
later in determining the ultimate position of the latter. I am 
convinced, from its subsequent behavior, that the penetration 
path of the sperm-head is conditioned by dynamic relations with 
the egg-substance dependent on the orientation of the latter. 
“ T h e  paths of the germ-nuclei are determined by at  least two 
different factors, one of which is an attraction or other dynami- 
cal relation between the nuclei and the cytoplasm, the other 
an attraction between the nuclei. The  former determines the 
entrance path of the sperm-nucleus, while both factors probably 
operate in the determination of the copulation path, along which 
i t  travels to meet the egg-nucleus. The  real nature of neither 
factor is known ” (Wilson, ‘96, pp. I 5 I and I 52) .  

Origin of the CZeavage Centrosomes. 

When the two germ-nuclei come together there is no indica- 
tion of an aster in any part of the egg. But, after they have 
been in contact for a short time, two centrosomes arise quite 
near together, one in contact with the egg-nucleus and the 
other with the  sperm-nucleus, but both close to the plane of 
contact of the two (Pl. XXVI, Fig. 38. See description of 
this figurej. I feel quite sure that the two centrosomes do not 
arise from the division of one immediately preceding, but are 
formed independently ; for there is no trace of a central spin- 
dle between them, and at  this stage not more than two rows of 
cytoplasm alveoli are involved in the rudimentary asters. All 
of my efforts to find in earlier stages any indication of origin from 
a single centrosome, either in closer approximation of the two, 
or in union by a central spindle, have been in vain, in spite of 
a superabundance of good material covering the critical period. 

I was under the impression at  the time of my first paper on 
this subject (Sciwzce, March, 1897) that the cleavage centro- 
somes arose in the sphere substance, and thought it possible, 
therefore, that they might be traced back to  the egg-centro- 
some of the maturation divisions. But, although the centro- 
sornes do arise very close to or on the margin of the sphere 
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substance (see P1. XXVI, Fig. 38), I no longer believe that they 
are descendants of the egg-centrosome. Still less can they be 
derived from the sperm-amphiaster. I believe that they are egg- 
products of new origin formed zcizdcr the inJzmzce of the two 
gewn-nuclei. It seems t o  m e  probable that each nzrckus has the 
POWEY in a certain coizdition of maturity to  enter into n reaction 
with the cytoplasm, which reszdts iu the formation of a72 aster 
with its centvosome, a d  thus ilzitiates the pmcess of Karyokinesis. 
For instance, it sometimes happens in the egg of Unio that after 
the first cleavage the chromosomal vesicles unite so as to form 
two separate nuclei in each cell, instead of a single one. After 
these two nuclei have moved apart an amphiaster is formed in 
connection with each, and two karyokinetic spindles arise. 

However, I have found no evidence in favor of the view of 
Carnoy et  Le  Brun (‘97) as to Ascaris, that the cleavage centro- 
somes are directly derived from the nucleoli of the germ-nuclei. 
This view would be reduced to absurdity in the case of the egg 
of C’lzi~,  whcre in cleavage stages each chromosomal vesicle 
apparently forms a nucleolus. 

The  further formation of the first cleavage spindle is illus- 
trated in PI. XXVI, Figs. 39-43. The  two centrosomes move to 
opposite ends of the plane of contact of the germ-nuclei. Each 
suhdividcs several times to form a group of panules, which rep- 
resents the rzdiment of the iizizer sphere. The outer sphere is 
well marked by the absence of transverse anastomoses of the 
rays. One of the centrosome granules then forms the center of 
the inner sphere, and the remainder arrange themselves around 
the periphery (Figs. 39-42}. The  rays of the aster form by 
continuity of neighboring alveolar walls, as is shown in the 
series of figures, and the central spindle is formed from the 
small amount of cytoplasm between the germ-nuclei on the one 
hand and the two centrosomes on the  other. 

Behavior of the Chromatin in the Germ-Nzdeei. 

During the growth of the germ-nuclei there is an enor- 
mous increase in the  quantity of the chromatin (Pl. XXVI, 
Figs. 34-40), but a small proportion of which is used in the 
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formation of the chromosomes of the first cleavage spindle 
(PI. XXVI, Figs. 41-43). What becomes of the chromatin 
which does not pass into the chromosomes ? If the basichro- 
matin granules, which stain so intensely in  haematoxylin, were 
thrown out of the nucleus as such, it would be an easy matter to 
follow them, but apparently they are first transformed into oxy- 
chromatin, which does not stain in haematoxylin, and in this 
condition they are found on the mantle-fibers of the spindle, 
which differentiate out of the intranuclear network (PI. XXVI, 
Fig. 42). However, some of the unaltered basichrornatin is 
found near the spheres (PI. XXVI, Figs. 42 and 43). A great 
part of the chromatin, then, is probably transformed into 
spindle fibers, as Wilson has maintained in the case of the 
sea-urchin; and a smaller part probably enters into close 
relations with the sphere substance, which it may influence 
through transfusion or other mode of transference. 

The germ-nuclei never fuse " to form a " segmentation 
nucleus," but from each arises a group of chromosomes. The 
chromosomes are at first long and narrow, and longitudinally 
split from the time of their first appearance (Pl. XXVI, Figs. 
42 and 43). Later they shorten and condense, staining more 
intensely, and become short, bent rods (PI. XXVI, Fig. 44, 
and PI. XXVII, Fig. 45). 

2 .  Literature and T7ieov of Fertilization. 

I t  is well known that, in the majority of animals in which 
the process of fertilization has been studied with sufficient 
care, the cleavage centers arise from the sperm-amphiaster. 
(See Boveri, '87, '95; Crampton;' v. ErIanger, '97 '98; Fick, 
'93; Griffin, '96, '99; Hill, '95; Korschelt, '96; Kostanecki, '96; 

Mead, '95, '98; Sobotta, '97; Van Der Stricht, '97; Wilson and 
Mathews, '95.) When I began the study of the egg of Uniu I 
had no reason to anticipate any other result than this, and had 

1 Crampton's work on the fertilization of the egg of MoZ'Zu (an Ascidian) is 
not yet published, but, as it has been ready for some time, the author kindly per- 
mits me to refer to it. This egg offers especially clear evidence of the persistence 
of the sperm-centrosomes in the cleavage, because there are no asters associated 
with the maturation spindles, and the sperm-asters are perfectly distinct, and per- 
sistent from the time of entrance of the spermatozoon. 
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certainly no prejudice against Boveri’s theory. The  reasons 
why it is impossible to take this view of the origin of the 
cleavage centers in Unio are : I .  The sperm-amphiaster dis- 
appears utterly before the metaphase of the first maturation 
spindle, and the sperm-centrosomes become indistinguishable 
from cytomicrosomes, 2 .  There is no evidence of the persist- 
ence of the sperm-centrosomes during the maturation as any- 
thing more than cytomicrosomes, unless we identify with them 
the centrosornes of the accessory aster, which, however, contains 
at  first only a single centrosome. 3. The  cleavage centers 
nZwnys arise in a definite position, viz., on each side of the  
plane separating the two germ-nuclei, one in contact with each 
nucleus. 

If the cleavage centrosomes really are the persistent sperm- 
centers, it becomes necessary to assume: I .  That the sperm- 
centrosomes, which are no larger than cytomicrosomes, maintain 
a persistent identity among these, though the chief distinguish- 
ing mark of a centrosome is its position in the center of an 
aster or centrop!>.sm. 2. That one of the sperm-centrosomes 
becomes active daring the second maturation division (acces- 
sory amphiaster) and divides again, the resulting amphiaster 
then vanishing. 3. That two of the three sperm-centrosomes 
migrate to the $tyfect& dejnite position, in which the cleavage 
centers arise, and there again resume activity. If any theory 
of fertilization, otkerwise tennbZe, depended on such assump- 
tions, I should feel justified in making them. But it seems to 
me that Boveri’s justly celebrated theory must be given up, in 
large part a t  least, for other reasons to be spoken of below. 

As already mentioned, disappearance of the sperm-centro- 
somes has been observed by a number of authors (pp. 233,234). 
Of these authors, viz., Child, Van Name, Foot, MacFarland, 
and Klinckowstrom, only MacFarland positively maintains that 
the cleavage centers arise from persistent sperm-centers, and 
his argument appears to me most inadequate. The  only reason 
that he gives for his positive identification is, that the cleavage 
centers may arise in almost any position relative to one another 
and the germ-nuclei, though always well above the vegetative 
pole ; and the sperm-centrosomes exhibit a similar relationship, 
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or lack of relationship to anything definite, before their dis- 
appearance. The case of AmzicoLa (Child, ’98) gives especially 
clear evidence of independent origin of the cleavage centers, 
for in this case the sperm-centrosonies do not disappear until 
after the formation of the second polar body, and the cleavage 
centrosomes arise soon after in such a position that it seems 
simply impossible that they should represent persistent sperm- 
centrosomes. Child himself is inclined to regard the cleav- 
age centrosomes as new formations and as not related to the 
‘ male ’ centrosome.” In the other cases there is certainly 
no objective evidench of identity of sperm-centrosomes and 
cleavage centrosomes, indeed much that speaks against it, 

I agree, therefore, with Wheeler and with the views ex- 
pressed by Korschelt (95b, p. 655) and Brauer (‘93) that the 
centrosomes are of no special sign+ificance in fertilization. The  
cleavage centers may arise from the sperm-centers, or from 
the egg-center (doubtfully, Jfyzustunza,l Wheeler, ‘w), or in 

1 I cannot regard Kostanecki’s observations on  Mymstomn (‘98) as  proving 
the  origin of the cleavage centers from the sperm-centrosomes in this case. 
According to both his observations and Wheeler’s (’97) no sperm-aster is visi- 
ble (until at least after the formation of the second polar body, Kostanecki), 
although the spermatozoiin enters the egg before the breaking down of the ger- 
minal vesicle. The 
germ-nuclei enlarge simultaneously, and begin to approach, the sperm-nucleus mak- 
ing a more extensive migration than the egg-nucleus, so that their place of meeting 
is always nearer the animal pole. \Then the nuclei have approached within a short 
distance of each other, there appears between them a usually double aster (source 
of cleavagc centrosomes). Sobotta’s observations on the mouse are entirely similar. 

The author (Kostanecki) sees only 
two possibilities : either they are  the egg-centrosomes reappearing, or the sperm- 
centrosomes. 

‘‘ Ich habe aber uberdies aei~eiitzeZie Gilder bei Myzostoma grsehen, die direct 
fur die Kerkunft der Centrosomen yon Spermatozoon sprechen : wenn die beiden 
Geschlechtskeme die Gestalt von grosseren Blaschen angenommen haben, konnte 
ich an der Eimitte zugekehrten Seite des Spermakerns 6isweilcn d i e  Andetrlulrg 
einer Strahlung sehen, die jedoch mehr durch eine radiare Anordung der kleinen 
Dotterkiirnchen zum Ausdruck kam. Die radiar angeordneten Kornchen umga- 
ben ein helleres F’eld, in dessen Mitte ein oder zwei kleine Punkte zu sehen 
waren. . . . Ich glaube in alleii diesen Fallen (PI. XXIV, Fig. 14 ; P1. XXV, Figs. 
I j, 16) das Spermacentrosoma oder die Spermacentrosomen vor Augen gehabt zu 
haben, wenn auch in Anbetracht des Umstandes, dass das Hauptkriterium fur 
die Existenz von Centrosomen, namlich eine deutlicite Strahlung, hier fehlte, even- 
tueile Zweifel nicht mit absoluter Sicherheit zuruckgewiesen werden koinnen.” 

But these “doubtful ” sperm-centrosomes were never traced to the cleavage 

T h c  sperm-nucleus always lies toward the vegetative pole. 

N’hat is the origin of these centrosomes ? 
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such a way that there is no discernible relation to either 
( Unio, Arenicolu, A ZZoZobophora, PIezrrophyZyllidia, PZaa;rzocem, My- 
zostoma, ~VZLS). 

It must certainly be admitted that the most recent obser- 
vations on the fertilization and early cleavage of the ovum 
demonstrate the inadequacy of Boveri's theory of fertilization, 
v k  : '' The ripe egg possesses all of the organs and qualities 
necessary for division excepting the centrosome, by which 
division is initiated. The  spermatozoon, on the other hand, is 
provided with a centrosome, but lacks the substance in n hich 
this organ of division may exert its activity. Through the 
union of the two cells in fertilization all the essential organs 
necessary for division are brought together : the  egg now con- 
tains a centrosome, which by its own division leads the way in 
the  embryonic development." (Quoted from Wilson, '96.) Cei-- 
tain observations, such as those of IVilson, Mead, Griffin, and 
others, showing that the sperm-centrosomes become the cleav- 
age centers, support it. But in other cases it is not possible 
to trace any connection between the centers of the first 
cleavage and the sperm-centrosomes. And it has been 
shown by Morgan ('99) that certain chemica: substances may 
initiate cleavage of the unfertilized egg by stimulating the 
egg-cytoplasm. Loeb ('99) has recently shown by an experi- 
ment, whose conception and brilliant success must win 0111- 

warmest admiration, that in  the egg of A d a c i n  not only may 
division be initiated by adding certain chemical substances to 
the sea water, but that the entire typical development may 
take place under these circumstances without fertilization. 
Neither the sperm-centrosome nor nucleus is required for the 
typical development of the sea-urchin egg, which has long 
served, on account of the clear way in which the sperm-cen- 
ters may be shown to become the cleavage centers in normal 
development, as the paradigm of Boveri's theory. Certainly 
in this case the egg is not without the mechanism of cell divi- 
sion, though this mechanism may usually be inhibited by the 
more active development of the sperm-centers. If not here, 

(For the last case see Sobotta, '9s.) 

centrosomes. 
matic origin of the latter oviy for those whose minds are made up in advance. 

These observations can thus '3e convincing el  idence of the sper- 
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then nowhere, can the theory hold. Moreover, it seems to me 
that the theory loses all its significance if the view that the 
centrosome is a unique and persistent organ of the cell should 
be given up, as now seems necessary, since it has been shown 
that centrosomes may arise at any place within the cell, by 
the observations of Mead (‘97), Morgan (‘96 and ’99), Reinke 
(‘94), and WatasP (‘94). 

Fertilization usually accomplishes two purposes : I .  It sets 
in motion the series of developmental phenomena, the entire 
mechanism for which is in the egg, awaiting only the proper 
occasion or stimulus. This is not effected primarily by the 
sperm-centrosomes furnishing cleavage centers, as shown above, 
but probably by some stimulus, chemical or mechanical, ema- 
nating from the part of the spermatozoon that penetrates.1 
2. Fertilization restores the typical number of the chromo- 
somes. In this we must recognize its chief function and 
so return to earlier theories of fertilization. The interca- 
lation of a sexual generation in the series of asexual or par- 
thenogenetic generations, wherever these may occur alike in 
plants and animals, demonstrates, as has been so often pointed 
out, the fundamental significance of amphirnixis. We may 
regard the first function of fertilization, that of setting in 
motion the series of ontogenetic changes, as an accessory one 
adapted to secure the fertilization of as many eggs as possible 
and to prevent recurrent parthenogenesis. This is of course 
but a modification of Boveri’s theory, that the PostuZaated 
degeneration of the egg-centrosome is an adaptation against 
parthenogenesis. Perhaps Mead’s suggestion, 6‘ The inhibition 
of division would seem to depend upon the metabolic activity 
peculiar to the cell by virtue of its internal structure,” may 
partly explain the mechanism of this adaptation of the egg- 
cell (Mead, ‘98b, p. 218). Or Loeb’s view : “The ions and 
not the nucleus in the spermatozoon are essential to the 
process of fertilization” (‘99, p. 137). 

1 The universal, or almost universal, occurrence of sperm-asters might thus be 
interpreted simply as the first response of the eggcytoplasm to this stimulus. 
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IV. MOVEMENTS OF THE FIRST CLEAVAGE SPINDLE; 
FIRST AND SECOND CLEAVAGES. 

The  first cleavage spindle is invariably formed in the exact 
center of the egg, as already described, and parallel to the 
plane of elongation of the sphere substance, which stretches 
completely across the egg. The  spindle remains in the center 
of the egg until just before the metaphase, and then, without 
undergoing any considerable change in form or size, it moves 
end first towards one side of the egg, until one sphere comes 
almost in contact with the cortical alveoli (Pl. XXVII, Figs, 45 
and 46). This movement is a necessary preparation for the 
first cleavage, which is very unequal. But it is difficult to 
understand why the spindle should first form in the center of 
the egg and secondarily change its position, The  metaphase 
and almost the entire anaphase (Pl. XXVII, Fig. 47) of the 
spindle are spent in this position, and then the spindle shifts 
back a little (Pl. XXVII, Figs. 48 and 49) to the definitive posi- 
tion of the cleavage plane. (See descriptions of these figures.) 
I t  is possible that there may be other lesser oscillations of the 
spindle before the point of equilibrium is iound. 

I t  is per€ectly plain from this description tkat the position 
of the spindle does not primarily determine the place or direc- 
tion of the first cleavage plane, but that, on the contrary, the 
position of the spindle is controlled through the cytoplasm, as 
a needle in a magnetic field oscillates until equilibrium is 
attained. Now there are no visibIe differences in structure in 
different parts of the egg, which might explain the movements 
of the spindle, but it seems to me that the movements them- 
selves are an indication of a definite bilateral orientation ; for 
I cannot conceive it as being possible that in an isotropic sub- 
stance movements of such definiteness and prospective value 
in the cleavage should take place. Thus, although there is no 
other evidence that the movement of the spindle in determin- 
ing the inequality of the first cleavage is in one direction 
rather than the other, I am convinced that it is always in 
the same direction under the infiuence of some predelineated 
organization of the cytoplasm. 
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The  behavior of the spheres in the first cleavage is entirely 
similar to  that of the cgg-sphere during the copulation phases 
of the germ-nuclei. T h e  enlargement of the inner spheres 
begins during the anaphase (PI. XXVII,  Fig. 47) and goes on 
rapidly during the telophase, until a large amount of sphere 
substance is produced (PI. XXVII,  Figs. 48 and 49). The  
sphere substance then elongates in the direction which the  
second cleavage spindles will assume much later (P1. XXVII  
Fig. 50, horizontal section, and Figs. 5 I and 52, vertical section, 
of the larger cell CD). At the same time each ceZZ takes an the 
form! of n divilzilzg ceZZ (seen especially well in the larger cell, 
PI. XXVII ,  Figs. 50-52), nZtho21gh the n d e i  a7’e izot yet  IWOIZ- 

structed sirzce thc pi~ce~liiizg division. I regard this as a prema- 
ture expression of the forces within these cells that later cause 
an unequal division in the region of the constrictions, after the 
spindles have been formed. Later both cells round off, then 
become closely appressed, and, when the spindlcs form, they 
move into the positions previously indicated by the elongation 
and constriction of the cells and sphere substance. 

The  sphere substance is thus divided in both the first and 
second cleavages ; from its position and form it seems likely 
that it is distributed between the cells very nearly in propor- 
tion to  their size. It is, however, impossible to be certain of 
this, because one cannot follow .it in any division up to the 
time of the definitive placing of the spindle ; before this time 
the intrusion of yolk-granules on it has hidden it from view. 

V. CONCEKNING THE SPHERE SUBSTANCE. 

From the preceding account it will be plain that I regard the 
entire sphere substance as the product of growth or inflation 
of a single centrosome. There can be no doubt that it is de- 
rived from the inner sphere, so that everything depends on the 
interpretation of this structure. On pp. 2 4 0 - q ~  I have given 
in detail my reasons for believing that each of the inner spheres 
of the  second maturation spindle is derived from a single cen- 
trosome. I can add nothing to the description there given, 
except the statement that I have worked over this series of 



phenomena repeatedly with the utmost care, and have demon- 
strated the sections to several colleagues with perfect satisfac- 
tion. The inner sphere a t  the central cnd of the spindle 
becomes the sphere substance of the fertilized egg. The  evi- 
dence that the sphere substance formed at the poles of the 
first cleavage spindle has a similar centrosomic origin is 
equally conclusive, as the figures show. It seems very prob- 
able, although I cannot speak with assurance on this point, 
that part of the material for the growth of the sphere sub- 
stance is derived from the nucleus. If this be so, the later 
wide dispersal of this substance through the cell may give a 
useful clue to  the manner in which the nucleus exercises its 
undoubted formative influence on the  cell. 

A similar growth of the spheres towards the end of karyo- 
kinesis is now known to be of very wide occurrence (Agassiz 
and Whitman, ’89; Boveri, ’95; Erlanger, ’98; Herfort, ’99; 
Conklin, ‘99; Vejdovslii, ‘88). Opinions as to the morpho- 
logical significance cf these structures vary. E r h g e r  (‘98) 
declares: Ferner cnisprechen dic Centroplasmen oder ‘ Sphk- 
ren ’ durchaus nicht riesig angeschwollcnen Centralkorpern wie 
Boveri angiebt.” My own observations would support Boveri’s 
interpretation. Erlanger also suggcsts an interaction betwecn 
nucleus and sphere substance : “ Den hicr entwickelten An- 
schauungen gemass durfte in den mittleren Phasen der Alitose 
ein enges Vcrhaltniss zwischen den Centroplasmen, inc!usiw 
Centra!korpern, und dem Kern, beziehungsweise Kcrnspindel, 
hcrrschen.” Herfort’s observations (‘99) lend themselves to a 
similar interpretation. 

Conklin (‘98) was the first to recognize the possible impor- 
tance of the sphere substance in differentiation. He summa- 
rizes his results thus : In  the egg of Crepidula, “after the first 
two cleavages, the sphere substance is differently distributed t o  
the different cells, the entire sphere substance of one genera- 
tion always going into those cells of the next generation which 
lie nearest the animal pole. This differential distribution of 
the spheres has been fol!owed through every cleavage up to 
the 24-cell stage. As the forrr of cleavage is perfectly con- 
stant, it f o~ lows  that the sphere substance of m y  generation 
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goes into certain definite cells which have a perfectly constant 
origin and destiny. 

6‘ This differential distribution of the spheres is not caused by 
their specific weight, since their movements are the same in 
whatever position the egg may be placed. I t  seems to be the 
result of a form of polarity] which, like that of the egg itself, 
is not the result of gravity. 

(‘ The centrosomes do not, apparently, arise from the sphere 
substance of the previous division, but some distance from it, 
and the sphere substance itself never divides, but each sphere 
ultimately grows ragged at its periphery, and gradually fades 
out into the general cytoplasm. 

(6 The differential distribution of the spheres and their sub- 
sequent conversion into cytoplasm suggests that they may be 
important factors in the differentiation of cleavage cells, and if 
further investigation should establish the fact that they are in 
part composed of the oxychromatin of the nucleus, it would 
furnish a basis in fact for certain well-known speculations of 
de Vries, Weismann, and Roux.” 

VI. Two RECENT THEOKIES OF UNEQUAL CLEAVAGE. 

Before proceeding to a general consideration of the organi- 
zation of the egg of U ~ i u  let us take up two recent theories of 
unequal cell division. Those views that seek a simple mechan- 
ical explanation either in the arrangement of yolk or other 
inclusions, or in extrinsic forces, have been already sufficiently 
criticised by Jennings (‘96), Conklin (‘97, zur Strassen (’98), 
myself (‘95 and ’99), and others. 

I .  Zieghr’s Theory of the Uneqtta-Z Power of tke Centers. 

Ziegler has suggested the theory of centers of unequal power 
for the explanation of certain unequal cleavages in the ontogeny 
of nematodes and the ctenophores (‘96 and ‘98). H e  styles an 
unequal cleavage in which the centers are of unequal power 
(6 heterodynamic,” Ziegler does not claim, himself, to have 
observed any difference in the centers in such cases, but he 
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believes that in many cases of unequal cleavage there is no 
other explanation possible. The theory certainly is an advance 
over the blind faith in invisible yolk that plays so prominent 
a part in Hertwig’s theorizing (‘92 and ’98) in such matters, 
inasmuch as it squarely meets the conditions of the problem 
-unequal cleavage in a mass of protoplasm, in which yolk 
may be absent or uniformly distributed. But it appears to me 
to  be without satisfactory foundation in fact. If the postulated 
difference really exists, it should be evident from the start in 
unequal mastery of the cytoplasm by the two centers ; but if we 
take the case that Ziegler himself instances as the most marked 
example of (6 heterodynamic ” cleavage, the formation of the 
polar globules, we find that in the first maturation spindle, 
when first formed and lying horizontally, there is no discov- 
erable difference in the size or appearance of the centrosomes 
or asters at the ends of the spindle. It is only after the spindle 
has rotated, and one end has moved out to the surface, that a 
difference is to be noted; and this is a secondary difference, 
due not to  unequal force but to unequal opportunity. The 
same is true of every unequal cleavage of the entire ontogeny. 
As Conklin has pointed out, the centrosomes accommodate 
themselves to the size of the mass of cytoplasm in which they 
come to Zie, being at  first equal. Inequality of centers and 
asters is an effect, not a cause, of unequal cleavage. 

But one has a right to  expect of a theory meant to be 
purely formal, that it should be at  least far-reaching ; here, 
however, we are told simply, the cause lies not in the proto- 
plasm but in the centrosomes. How the centrosomes become 
of unequal power, and how this is adapted to embryo forma- 
tion, of this not the slightest clue. 

It goes without saying, then, that I cannot find in this 
theory any explanation of the unequal cleavage under discus- 
sion, I have looked in vain, though with great care, for any 
difference in the two centers of the first cleavage, while the 
spindle still occupies the center of the egg. A difference 
becomes noticeable only after the spindle has become excentric, 
and this is plainly due to the fact that the centers are now 
operating in areas of unequal extent. 
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Child (‘97) finds a difference in the size of the cleavage 
asters, and suggests that (( this anticipates and indicates the 
difference in size of the first two cells of cleavage.” The  
segmentation nucleus is shown in an excentric position in the 
figure illustrating this, and I would suggest that the difference 
in the asters may be due to this. 

2 .  Cunklin (‘99) ascribes uneqzbaZ cZmvage to wavemeats of 
the cytoplasm : When the cell movements carry the mitotic 
spindle out of the middle of the cell, unequal cleavage results.” 
The  nature and cause of the  movements are thus described: 
“Wi th  the escape of nuclear sap into the cell body at  the 
beginning of mitosis, vortical movements are set up in the 
cytoplasm, the poles of the spindles being the centers of such 
vortices.” The  movements are thus “ due to the appearance 
of unlike substances in different parts of the cell.” The 
extremely delicate and beautiful observations on which Conk- 
lin’s conclusions rest form a model of morphological methods. 
I fully believe that we have here a factor that must be reckoned 
with in our theories of early differentiation; it may even have 
all the importance that Conklin claims for it, while it certainly 
fails, like all its predecessors, to give any clue to the solution 
of the adaptive aspect of these phenomena. I t  may well be 
that the shiftings of the first cleavage spindle in U~io are due to 
currents in the cytoplasm; the changes in form of the sphere 
substance and the elongation of the cells after cleavage furnish 
possible evidence of such currents. But why these currents 
should relate themselves to subsequent events by placing the 
spindle in its definite position we cannot say. It wou!d seem 
also to  be necessary to distinguish carefully between random 
cytoplasmic streamings and those that are definitely adapted 
to purposes of differentiation. For instance, Ziegler (‘96) de- 
scribes how the germ-nuclei in the egg of Dz$uguster, lying 
near opposite ends of the egg, are carried around a t  first in an 
aimless fashion by streaming movements of the cytoplasm, 
which do not, however, prevent the union of the germ-nuclei 
near the end of the egg, destined to become the posterior end 
of the embryo. The  spindle is then formed and rotates so as 
to  lie in the long axis of the egg, frequently oscillating for a 
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time back and forth across the line of equilibrium. Even after 
this the spindle may be carried around more or less by stream- 
ing of the protoplasm, and yet it comes to rest for the division 
in a definite place ; but it way be that the random streaming 
has become converted into a slow, directive movement that 
determines the position of the spindle, This must be the case, 
if the theory is to apply here. T h e  theory would seem to 
imply that protoplasmic currents may be adapted to  purposes 
of differentiation, not that all streaming is definitely directed ; 
just as cell division may be adapted to purposes of differ- 
entiation, though it may equally be without definite refer- 
ence to it. 

VII. ORGANIZATION OF THE EGG. 

We have been assured frequently of late by Driesch (e.g., ‘99, 
p. 717) that descriptive investigations can a t  most yield nega- 
tive results, that only experimental results justify general 
theorizing. While I would personally agree with Driesch that 
such theorizing as he sometimes indulges in cries aloud for 
justification, I do not find anything in his remarks to cause 
descriptive writers the slightest qualms in drawing conclusions 
from their observations. Negative ” and positive ” are 
purely relative terms, and as the scientific method a t  present 
universally followed consists in testing working hypotheses by 
all means available, I cannot see why a fact of pure observation 
should be negative ” in a different sense from one based on 
experiment ; or less instructive, especially in biology, where 
most of the conditions are unknown, and the experimenter is 
generally unaware of much that he has modified. I should be 
the last one to deny the value of the results reached in the 
field of experimental embryology, in which Driesch has done 
such brilliant work; but surely it is time to object when 
this writer claims monopoly of the faculty of judgment for 
those who have shaken eggs. Rather in our speculation 
should we check our observations with experiment and our 
experiments with further observation, for only one thing is 
more deadly than a careless observation, and that is a doubtful 
experiment, and either may lead astray. Surely one who has 
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so often been led astray, on his own admission, by doubt- 
ful experiments should realize that everything lies in the 
interpretation. 

One would suppose that even Driesch would admit that the 
problem of the development of an entire egg is no more com- 
plicated than that of a part; and that the fact that a part may 
develop into a normal embryo gives no explanation of how a 
normal embryo is formed, either in “absolut-normal ” or in 
modified cases. 

The evidence on which I base my argument for a bilateral, 
and more than bilateral, organization of the cytoplasm of the 
egg of Umio may be summarized thus : I .  The polar differentia- 
tion is clear and definite, but without reference to the distribu- 
tion of yolk. 2 .  Evidence of a bdaatemd orientation of the 
protoplasm is given by the behavior of the germ-nuclei and of 
the sphere substance ; the line uniting the two germ-nuclei jus t  
before they come together is a t  right angles to the long axis of 
the future first cleavage spindle, and the plane of elongation of 
the sphere substance is parallel to the future axis of this 
spindle. W e  have, then, two independent phenomena that 
have definite reference to the future axes of the embryo, for 
the first cleavage spindle has such a definite relation. In  the 
absence of definite elongation of the sphere substance it would 
be possible to interpret the determination of the axes of the 
embryo as  due to  the plane of meeting or  of copulation of the 
germ-nuclei. The coincidence of two such independent phe- 
nomena can only be interpreted as due to  a third factor, viz.: 
bilateral orientation of the egg-cytoplasm. 3. Evidence of dif- 
ferentiation of anterior-posterior proportions is f0ur.d in the 
shifting of the first cleavage spindle. We have seen that this 
shifting can be due neither to unequal distribution of the yolk 
nor to unequal power of the cleavage centers. Moreover, the 
final position of the spindle has a differential value in the 
subsequent ontogeny, i e . ,  it is adapted to the formation of a 
large shell gland and mesodermal structures, as I showed in 
my paper on <‘ Adaptation in Cleavage.” 

In  this paper I pointed out that the only possible basis for 
a rational interpretation of the rate, direction, and place of 
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cleavage in the cells of the egg of Unio, and of other animals 
possessing strictly determinate cleavage, is a prospective one. 
‘‘ In the cleavage of the egg of Unio there are marked varia- 
tions in the size of the cells and in the rate and direction of 
their cleavages; in every case these possess prospective sig- 
nificance, and by means of them the organism is able, so to 
speak, to realize, in the most direct manner possible, on its 
available capital, the substance of the egg. To thisprinriple I 
have given the name of aduptalion in cZeavage” (l.~., p. 5 3 ) .  
I must refer to this paper and to an earlier one, “Embryology 
of the Unz’onidae ” (‘95), for the details of proof that there is no 
relation between the form of the cleavage and the distribution 
of the yolk or any extrinsic forces. 

The larger of the first two cells is destined to form the pos- 
terior part of the embryo, including the mesoblast and the 
immense shell gland. The smaller cell will form the relatively 
small anterior portion of the embryo. The proportions of 
these parts are, then, marked out by the first cleavage. The 
place of the first cleavage is due to the position ultimately 
occupied by the first cleavage spindle. The manner in which 
this reaches its excentric position has already been described 
in detail. I t  is certainly due to inherent forces of the undi- 
vided protoplasm. Before the egg of Unio has divided for 
the first time it thus foreshadows not only the polarity (posi- 
tion of ectoderm and endoderm), but also the position and 
proportions of anterior and posterior parts of the embryo. 
That is to  say, the forces within the unsegmented egg of Unio 
are those not on& of a biZaderaZ!y symmetricad animal, but of 
suck an animaZ of definite proportions. This much at  least is 
evident ; how far other features of the embryo are actually 
existent in the unsegmented egg, and how far they arise in 
response to subsequent conditions, internal and external, I am 
unable to determine. I simply repeat that, independently of 
cleavage or other of the phenomena usually styled develop- 
mental, the bilaterality and the proportions of the embryo of 
Unio are dependent on a certain distribution of protoplasmic 
(as opposed to nuclear) forces. Nor are these forces in any 
way complicated or modified by subsequent events ; rather is 



the course of subsequent events guided by their unbroken 
continuance. 

These forces are responsible in part for the paths of the 
germ-nuclei, the elongation of the sphere substance, the defi- 
nite position and shifting of the spindle, and later, to a great 
extent, for the equality or inequality, the rate, and the direction 
of the early cleavages. 

The  observations and experiments that force on us the con- 
clusion that the cytoplasm of the egg is definitely organized 
are now so numerous that a book would be required for their 
adequate consideration. I will therefore refer to  only a few 
typical examples. WatasP (‘90) shows that the unsegmented 
blastoderm of the squid (LoZigu) is bilateral in structure, the 
nucleus being situated excentrically nearer the end of the 
blastoderm that is to become the posterior end of the embryo. 
The  blastoderm is a t  the pointed end of the nearly oval egg, 
which is more convex on the surface corresponding to the 
anterior end of the blastoderm. WatasC does not hesitate to 
attribute the bilaterality of the blastoderm to  the  distribution 
of different protoplasmic substances. He cites the following 
interesting extract from van Beneden and Neyt on Ascaris 
(1887) : ‘‘ Les premiers blastomPres ont, comme l’ceuf fPcondP, 
non seulement une symCtrie monoaxone, mais une structure 
bilatkrale. I1 est probable que c’est 18 un caracthre commun h 
toute cellule et I’on doit concevoir un  organisme cellulaire, non 
comme formk de couches concentriques, mais comme prdsen- 
tant essentiellement un axe 8 extrdmitds differents et  un plan 
unique de symttrie. Cette symetrie bilaterale de la cellde 
est probablement la cause de la symetrie bilat4rait: dcs orga- 
nismes plus complexes, des animaux en particulier.” 

McMurrich’s observations (%a, ’95b) furnish interesting evi- 
dence of a high grade of organization of the ova of Isopoda. 
InJaera the segmented egg is a syncitium, the cells being 
really local nucleated accumulations of a continuous cytoplasm 
in which the yolk is imbedded. The  egg is oval, so that it is 
possible to  recognize an anterior (broader) and posterior (nar- 
rower) end. I n  the 8-celled stage the arrangement of the cells is 
as follows : four cells at  about equal distances apart surrounding 
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the anterior end of the ovum, near the posterior pole a second 
circle of three, “while the eighth cell D occupies an almost 
polar position.” In  the undivided egg there is a central nucle- 
ated mass of protoplasm connected by strands with a periph- 
eral layer. Divisions begin in this central mass and do not 
affect the  yolk, so the cells are united by protoplasm, although 
they move apart. This lack of contact of the cells character- 
izes the early cleavage throughout, so that, as McMurrich points 
out, none of the laws of alternating cleavages or mutual pres- 
sure can influence the form of cleavage. Yet the cleavage 
does follow an invariable law of its own, and the arrangement 
described for the %cell stage is brought about partly by the 
orientation of the spindles and partly by extcnsive migrations 
of cells. Now it is to be observed that this arrangement is an 
adaptive one in the sense that it predelineates definite systems 
of organs. T h e  four anterior cells give rise to the ectoderm, 
the three next to entoderm and some mesoderm, while the pos- 
terior cell forms the vitillophags, (( still later giving rise to cer- 
tain mesodermal structures.’’ 

(( In the later stages o€]aera there is a concentration of cells 
towards one surface of the ovum, which will eventually become 
the ventral surface of the embryo ; concomitantly with this con- 
centration the outlines of the naupliar region of the embryo 
being formed.” But in PorceZZio, “ a t  the period a t  which the 
concentration of the peripheral protoplasm occurs,” to form the 
ventral region of the embryo, the nuclei are separated from it 
by equal and considerable distances, being united with it, how- 
ever, by the protoplasmic network, and it is difficult to conceive 
how any of them could be able to  influence the peripheral cyto- 
plasm in such a way as to produce the concentration. It seems 
rather that we have to do with an independent action of the 
cytoplasm, which precociously prepares for the formation of the 
blastoderni.” 

Have we not here a beautiful picture of the way in which 
the egg acts as an undivided organism, controlling some events 
by orientation of cleavage planes or shifting of cells, and others 
by protoplasmic movements clearly independent of cell bound- 
aries ? Is it not evident that the orientation of the cytoplasm 



266 LILLIE. [VOL. XVII. 

is the primary factor in these cases ? and that this organization 
must include at least bilateral symmetry and possibly definite 
proportions ? 

In his (I Inadequacy of the Cell Theory of Development,” 
Whitman has given a picture of the way in which crystallization 
of the embryo sets in in the undifferentiated mass of cells com- 
posing the blastodisc of the pelagic fish-egg. ‘‘ I t  is well known 
that the transformation of the blastodisc just before the appear- 
ance of the germ-ring is quite rapid, at least in the pelagic 
fish-egg, and also quite independent of ceZZ fomzntion. The 
discoidal germ-mass suddenly thins out, but not uniformly in 
all parts. The half of the disc in which the embryo is to be 
formed remains thick, anticipating, as it were, the axial concen- 
tration which is to follow, while the half lying in front of this 
is rapidly reduced to a thin epithelial membrane. This wgionnZ 
differentiation of the outer layer and the concomitant formation 
of the germ-ring, including the forward movement of the embry- 
onic plate (‘ head process ’), which advances in an axial direction 
to the very center of the disc, are indubitably accomplished, 
not by the aid of cell formation, but by formative processes 
of an unknown nature, but, nevertheless, real and all-control- 
ling. Cell formation, to be sure, goes on, but it seems to 
me certain that it has no directive influence on the formative 
process. The cleavage runs on from beginning to end, regularly 
or irregularly, without modifying in any essential way the form 
of the blastodisc. All at once, when this segmentation has 
been carried to a certain point, the transformation sets in and 
goes rapidly on, without interrupting cell formation, but to all 
appearance quite independently of it.” 

The view that the cytoplasm of the egg possesses at least a 
definite bilateral orientation is not in the least weakened by 
cases of non-determinate cleavage. In such cases all one can 
say is, that cell formation is not directly adapted to purposes 
of differentiation. But is this view disproved by such observa- 
tions as those of Wilson (‘95) and Ziegler (‘96) that the orienta- 
tion of the embryo may bear no definite relation to the polarity 
of the egg? We must inquire here what is meant by this 
expression, polavity of the egg. Two things, clearly, are meant 
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by this, and it is necessary to sharply separate these in our 
thinking, if not in our vocabulary. In the first place is meant 
the distinction that is marked by the appearance of the ‘‘ polar ” 
globule at a point (ie., ‘! pole ”) on the surface ; in the second 
place is meant the distinction that is based on the existence of 
ectodermal and entodermal portions of the blastula or gastrula. 
Now formation of polar globules is historically a very different 
thing from embryo formation, and there is no other reason for 
assuming that the axes marked out by these distinct processes 
must correspond, than that apparently they almost always do. 
Therefore I fail to see why such observations as those of Wil- 
son and Ziegler furnish evidence against such an organization 
of the egg-cytoplasm as we have maintained. If there be an 
ectental orientation of the egg-cytoplasm prior to maturation, 
it would be natural to expect a control of the place of polar 
globule formation by this, of such a sort that the polar globules 
would tend to arise at the ectodermal (animal) pole, as is usu- 
ally the case, or entodermal (vegetative) pole, as happens appar- 
ently in the Ascidim egg (Castle). But one can readily imagine 
that other forces might operate more powerfully and determine 
a different location of the polar globules. 

Just as little do I consider that observatimc of the develop- 
ment of the egg under pressure or of the development of parts 
into whole embryos militate against the view here upheld. The 
eggs, like the adults of many animals, possess great power of 
reorganization. In such cases the reorganization of the egg- 
cytoplasm would be a necessary preliminary to typical develop- 
ment, however we may think of it as taking place. 

Finally, even if it should be proved that the axis of the 
embryo may be determined either by the point of entry or by 
the copulation path of the spermatozoon, we should have here 
no evidence of lack of previous organization in the cytoplasm, 
but simply another striking confirmation of the wonderful 
power of reorganization of the egg-cytoplasm, for it has been 
shown that parts of fertilized eggs in which this process is 
held t o  occur (frog, sea-urchin) are capable of typical develop- 
ment, in which case the path of the spermatozoon can exercise 
no possible directive influence. 
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If the basis of these adaptive cleavage forms is cytoplasmic, 
as I believe, the complexity of the cytoplasmic organization 
must be great. The preceding examples illustrate this. But 
no phenomena of this sort give so overwhelming a sense of 
the inadequacy of our theories of development as the fact that 
cleavage may actually exhibit ancestral reminiscence (Wilson, 
'98). Admitting that reminiscence of ancestral conditions is 
ever shown in ontogeny, no one who is conversant with the 
literature of cell lineage can doubt that Dr. Wilson has placed 
the phenomena which he describes in their natural category ; 
they belong to the same order of events as the  development of 
tooth germs in a whale embryo. No one who has become con- 
vinced that true homologies are found in cleavage, and that the 
cleavage may exhibit adaptive modification, can be surprised by 
this last discovery. But these phenomena bring us so near 
to the  unsegmented egg, that the conclusion is unavoidable 
that homology, adaptation, and ancestral reminiscence have a 
protoplasmic basis, and are not merely dependent on the recur- 
rence of similar conditions. 

Another conclusion that follows directly from this is that 
the egg transmits far more than the spermatozoon, at  least in 
these stages. All those features of the early develop- 
ment that are dependent on the organization of the cytoplasm 
must be transmitted by the egg alone. Driesch ('98) has gone 
to work in the right way with his experiments on hybridization, 
to determine what features of the  early development are purely 
maternal in their origin. Before his experiments were pub- 
lished I had begun some similar experiments on fish-eggs to 
determine the influence of hybridization on the cleavage ; but 
reached no certain results, owing to difficulties offered by the 
material. Experiments of this sort on eggs exhibiting deter- 
minate cleavage are much to be desired. Thc  annelids would 
offer, perhaps, the best opportunities for this kind of work. 

Coordinated and definitely directed forces imply a mechanism 
of definite configuration ; what idea can we form of the config- 
uration of this mechanism? In  the first place, it should be 
observed that, inasmuch as the capacity for typical develop- 
ment is not dependent on the maintenance of the  integrity of 
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the entire egg, but is, as has been shown for echinoderms 
especially, the property of any nucleated part of sufficient size, 
the mechanism cannot be pyiwzari@ due to structurally differ- 
entiated germ-areas. Even if such areas can be shown to 
exist in any unsegmented egg, it would be necessary to regard 
this as a secondary effect of the primary mechanism upon the 
unsegmented egg. 

I t  has not been shown for the egg of Qnio that separated 
nucleated parts of definite size are capable of typical develop- 
ment ;  but even if it should be shown that they are not, that 
typical development is dependent on the integrity of the 
original egg, I could not consider that as evidence in favor of 
localized germ-areas ; for it has been clearly demonstrated, in 
the case of the  frog at least, that partial development of iso- 
lated blastomeres may be due to certain physical properties of 
the protoplasm. Whether we are studying the typical develop- 
ment of a part of an egg or of the entire egg, we are con- 
fronted with the same problem ; and all that the facts of typical 
development of a part teach us is, that neither the nuclei nor 
yet the protoplasm of early cleavage stages are unchange- 
ably specified. Are these then the I ‘  positive results ’) that we 
are led by Driesch to  expect? S o  far as  Fositive results are 
concerned the entire problem still faces us, and the negative 
conclusions were clearly seen by some naturalists as the result 
of interpretation of facts of observation ( ‘ I  Nature’s Experi- 
ments ”), long before the experiments were performed. 

Hut we may be told that complete and typical development 
of a part, even from the moment of its separation, is no argu- 
ment against the original localization of germinal areas, for the 
typical regeneration of a fragment of lrydya does not alter the 
fact that the parent animal had differentiated parts. But in 
the absence of ocular demonstration of areas in the whole egg, 
or of experimental proof of their occurrence, and in the face 
of the fact that currents of rotation and translocation in the 
protoplasm of the egg in no wise affect the power of typical 
development (Ziegler, ’96), the theoretical necessities must be 
hard that will drive us to such an hypothesis. Moreover, if 
certain areas be removed from t3e egg, for instance, A and B 
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from an egg A B CD, then, according to the hypothesis, C 
and D must reconstitute A and B before the typical develop- 
ment can begin. But it can be shown that they are not recon- 
stituted by growth ; and zy complete reorganization of tke ayeas 
take place in tke matenu2 of the part, their gpical distn*bution 
and proportions must be due to some primary meckanism of 
the entire protoplasm independent of regiom2 dtyeyentiation. 
Finally, in the regeneration of Hydra, the fact that equal 
parts from different regions form similar individuals shows 
that the power of regeneration does not depend upon the 
visible structural features, but on some underlying principle of 
organization common to all parts of sufficient size. To argue, 
therefore, for germinal localization from the facts of regenera- 
tion is to miss the most characteristic feature in such regen- 
eration as that of Hydra, for the visible localization of parts 
has no reference to the formative forces. 

Driesch has also been concerned with the problem of the con- 
figuration of the protoplasmic mechanism in the egg. In his 
paper d L  Lokalisation morphogenetischer Vorgange ” he form- 
ally announces his discovery that the location of morphogenic 
phenomena is a problem suigeneris. After devoting a con- 
siderable part of the introduction to the demonstration of this, 
he begins Part I thus:  having shown that the localization 
of ontogenetic processes is a possible problem, we begin by 
instancing a further example of this problem by recording the 
results obtained on blastomeres of the echinoderm egg.” Does 
Driesch really believe that all the rest of the world has re- 
mained in ignorance of the existence of such a problem ? Is 
he not aware that the theory of localized germ-areas is shaped 
largely to the requirements of this problem? What does he 
suppose that Loeb has in mind when he propounds the ques- 
tion, ‘6 What are the circumstances which determine that only 
one kind of organs originate at certain plizces in the body ? ” 
p* On Some Facts and Principles of Physiological Morphology,” 
BioZopkal Lectures, 1893, p. 38). It has long been generally 
recognized that the morphological problems of any ontogenetic 
process involve at least three factors : ( I )  its localization ; (2 )  the 
time of its origin ; (3) its specific nature : (place, time, structure). 
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I dwell on this because I am especially concerned here with 
a problem of localization, viz. : What determines the position 
of the first cleavage plane? and this, as I have attempted to  
show, is equivalent to asking, What determines the general 
proportions of the embryo of Unio? With Driesch I recog- 
nize that the conditions of this problem are found in a mass 
of protoplasm, the parts of which cannot be shown to be 
different. 

Now how does Driesch conceive of this mechanism? In 
the first place, he attempts to explain the polarity of the egg 
by assuming polarity of the protoplasmic parts or elements, 
without considering further the nature of these; and as he 
cannot find the causes of the bilateral structure of the embryo 
in external conditions, he endows the parts with bilaterality 
also, so that each is doubly heteropolar. The problem of the 
polarity and bilaterality of the egg is thus transferred to its 
parts, so that the organization of the whole might be pictured 
as due to  a 6' magnetization of the parts." But these postu- 
lates are still inadequate to explain the localization of onto- 
genetic processes ; why the stomodaeum, for instance, arises in 
a certain part, or why the intestine of the pluteus becomes 
divided into three parts of definite propcrtions. How is this 
condition satisfied in Driesch's system ? 

1' Let us first examine the simpler case of differentiation in 
a system with but one heteropolar axis, for instance, the intes- 
tine of the echinid gastrula, or the stern of Tzsbzdan'n. Here 
we can represent the process in 'causal' form to ourseIves 
by assuming that one of the end points of the axis is the seat 
of incitive (auslosender) ' Fernkrafte ' ; this spot, which is dis- 
tinguished as something different from other points of the 
system by the very fact that it is the end of the axis, produces, 
therefore, an effect (Wirkt also) ; that on which the effect 
is produced must be able to answer to the cause, as in all 
cases where effects are produced ; and in this manner a kind 
of causal harmony is postulated by this conception of the 
matter. 

I' In  what way, now, does this particular designated place of 
the axis affect the system ? Let us explain this first in the 
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simple case of the segmentation of the intestine of the echinid 
gastrula. 

Here at first only two effects are produced ; the formation 
of two constrictions takes place. That  the effect happens to 
be the formation of constrictions does not concern us here, for 
it is founded on the potency of the system, and is only called 
forth by the exciting cause ; but the cause is decisive for the 
place of origin of the constrictions. As already said, we mz~st 
(italics mine) conceive of this cause as ‘ Fernkrafte,’ more partic- 
ularly as I Fernkrafte ’ acting at  a particular distance. But the 
distance o€ the effect (which is inherent) is not absolute, 
because in gastrulae of any size, produced by operations, thc 
intestine segments equally well into the proper proportions ; 
thus the effective distance of the Fernkrafte’ acting from one 
end point of the system is given not as an absolute but as a 
relative amount, being dependent on the length of the axis of 
the differentiating system, 

( (  The  establishment of heterogeneity affords new places for 
new kinds of ‘ Fernkrafte,’ ” und so weiter. Driesch passes here 
from saying in one paragraph we can represent the process by 
assuming ‘‘ Fernkrafte ” acting from a fixed point, to the asser- 
tion in the next that we must conceive of the cause as Fern- 
krafte.” Hereafter, then, he regards his postulate as a logical 
necessity, no longer a mere intellectual convenience, like &?ax- 
well’s demon, although it is an hypothesis of a precisely similar 
nature. 

It is pertinent to ask whether in any extremity the assump- 
tion of ( (  Fernkrafte” is permissible ; but, passing this by, 
the postulated force must either be a product of the system 
or something independent of the system. If a product of the 
system, when all parts are alike, it must be postulated of each 
par t ;  each element then is not only bilaterally symmetrical, 
but has a Fernkraft ” I (  seated ” at one of its poles ; as soon 
as the heterogeneity demanded by this is established, the 
elements in each section become endowed with new kinds of 
11 Fernkrafte.” Unless these arise absolutely de novo (!), they 
must have existed in a latent form previously, and there would 
appear to be no escape from the conclusion that each element of 
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the protoplasm must be endowed originally with all the Fern- 
krafte ” of every localization of the entire ontogeny. But are 
the 6‘ Fernkrafte ” independent of the system ? What sort of 
science would this be? Yet Driesch appears, without actually 
discussing these alternatives, a t  times to  lean to  this view. 
For instance, p. 95 “ The actual adaptiveness of the process 
appears thus in this case to  be contained bath in the causing 
spot (verursachenden Ort) and the forces proceeding from it, as 
weZZ as in the system concerned.” He explains this (‘appears,” 
on the next page, by saying that in reality the conception of 
adaptiveness belongs only to the system, because this controls 
by its absolute size the effective radius of the ‘( Fernkrafte.” 

Does the conception of “Fernkrafte” reduce itself to ab- 
surdity or does it not ? One must admit that it is often difficult 
to extract the meaning from the welter of words, and so I may 
have misinterpreted Driesch, though I have honestly tried to 
understand and represent his ideas fairly. Driesch believes 
his theory of “ Fernkra€te ’’ to be rational vitalism ; I should 
prefer to style it irrational mysticism. 

On the other hand, the theory of the bilaterality of the pro- 
toplasmic elements appears to me a useful hypothesis, even 
though it may be difficult to see that their endowment with 
bilaterality alone is a logical halting ground. In  the case of 
the egg of Unio, a t  least, the theory would seem to be of 
greater use if we were also to postulate of the elements certain 
antero-posterior proportions. 

That the entire organism in every stage of its development 
exercises a formative influence on all its parts appears to me 
an absolutely necessary hypothesis. Only thus can we explain 
the reorganization of portions of the egg or of the adult into 
complete individuals, or form a satisfactory picture of the 
maintenance of individuality. The theory of division of labor 
needs reinforcing by a companion principle of unity of organ- 
ization. The comparison of the metazoan body to  a com- 
munity or state is inadequate ; it is this inadequate concepfion 
that has led to  the extreme cell theory of development, as 
upheld by Hertwig and the majority of zoologists. The  mis- 
conception may be traced back to Haeckel’s comparison of the 
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egg to a protozoan, and the cleavage stages to colonies of 
protozoa. We are even beginning to doubt that j?zyhgezetkaZ& 
the protozoan-colony theory is a necessary view of the origin 
of the metazoan body ; ontogenetically this view has become 
impossible. 

But though the hypothesis I have just stated above appears 
necessary to many at the present time, I think there are very 
few who will follow Driesch in his rapid flight from one ex- 
treme, the dominant cell theory which he upholds in his earlier 
papers, to the opposite : that only incomprehensible and intangi- 
ble vital forces, such as Fernkrafte,” are adequate to explain 
the unity which, as we are beginning to see, pervades all the 
metamorphoses of any species. I think that most naturalists 
will resolutely suppress the feeling, almost of panic, that accom- 
panies the revelation of the real complexity of the problems of 
development, and will stand firm in the unassailable position 
that, until it is shown that there enter into the composition 
of protoplasm elementary substances not known elsewhere, 
vital properties must be explained as in some way due to the 
qualities of that matter which physicists and chemists investi- 
gate. On the other hand, better understanding oE the marvel- 
ous properties of protoplasm furnish problems to the physicist 
and must inevitably lead to a reconsideration of the properties 
and theories of matter. 

Zur Strassen (‘98) has been led by his studies on nelpatode 
development to reject mechanical views of cleavage. H e  is 
impressed by the adaptive nature of the earliest cleavages and 
exclaims : I ‘  It is as though the cleavage cells possessed a perfect 
guiding instinct. ” ‘ I  Ich zogere wirklich kaum, diesen Begriff 
allen Ernstes fur das Verhalten der Blastomeren in Anspruch 
zu nehmen.” He gives a vivid description of the manner in 
which the T-shaped early 4-cell stage is converted into a 
rhomboid by active amoeboid migrations of the cells, some- 
times carried out in the face of considerable difficulties, as in 
the giant eggs, where the cells have to force past a constriction 
of the egg-membrane. ((Ich sah zwei Organismen ein Ziel, 
ihre Vereinigung, erstreben und dieses Ziel erreichen. . . . 
Die Zellen sind nicht Bausteine der Entwickelung, die durch 
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fremde Krafte geformt und an ihren Ort geschleppt worden, 
sondern Steine und Baumeister zugleich.” 

The use of the term “instinct” for such phenomena of irri- 
tability and response as the parts of an embryo exhibit is ques- 
tionable, and is not in any case very illuminating. While I 
heartily agree with Zur Strassen that we must look within the 
egg for the chief causes of embryo formation, it appears to me 
that he aftributes too much to social instinct ” of the cells. 
In this he resembles Hertwig, indeed, sometimes using similar 
expressions, as where he speaks of single cells of the 4-cell 
stage as 6‘ organisms.” The four cells form but one organism ; 

it is neither functional economy nor social instinct that binds 
the two halves of the egg together, but the constitutional bond 
of irzdividzad oyganizatioft ” (Whitman, ’93, p. I I 5). 

The view that I have attempted to demonstrate is : I .  That 
the cytoplasm of the egg of Unio possesses a definite organiza- 
tion involving bilateral symmetry and certain antero-posterior 
proportions ; 2. That this is not primarily dependent on localiza- 
tion of specific substances, but in some way results from the 
interaction of the idiosomes. 

I believe: I. That this particular kind of organization is 
continued throughout the entire life cycle, and is one of the 
main factors in axial regeneration where this occurs ; 2 .  That 
in every stage of the organism it is an undivided force. It 
therefore implies protoplasmic continuity throughout. 

I regard this as one of the most important factors in ontogeny, 
and think it important to clearly distinguish it from the other 
factors, such as reactions of nucleus and cytoplasm, tropisms 
and taxic phenomena, and all relations of parts. It differs from 
these in being the property of the cytopIasm as a whole. 

It appears to me that the problem we are considering recurs 
in fundamentally the same form in the reorganization of a 
fragment of a stentor or a planarian into a complete individual. 
The materials in which the formative forces are at work are 
different in these cases, and so there are different modes 
through which they reach their expression. But whether 
these forces are working through adaptive cleavage, or in a 

I use this term in a purely descriptive sense. 
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mass of undifferentiated cells, such as the chick blastoderm in 
an early stage, or in a mass of material composed of specific 
tissues, as in a portion of a planarian, it appears to me that 
they are in principle everywhere the same; I would say that 
the same cytoplasmic organization is concerned alike in the 
development of the planarian from the egg and from the frag- 
ment of a mature individual, Where are we to place it except 
in those protoplasmic elements of whose nature we are so 
ignorant ? 

If the formative processes cannot be referred to cell divi- 
sion, to what can they be referred ? To cellular interaction ? 
That would only be offering a misleading name for what we 
cannot explain ; and such an anSwer is not simply worthless, 
but positively mischievous, if it puts us on the wrong track. 
Loeb’s experiments on heterogenesis furnish a refutation of 
the interaction theory. The answer to  our question may be 
difficult to find, but we may be quite certain that when found 
it will recognize the regenerative and formative power as one 
and the same thing throughout the organic world. I t  will 
find, as Wiesner has so well insisted, a common basis for every 
grade of organization, and it will abolish those fictitious dis- 
tinctions we are accustomed to make between the formative 
processes of the unicellular and multicellular organisms. I t  
will find the secret of organization, growth, development, not 
in cell formation, but in those ultimate elements of living mat- 
ter, for which idiosomes seems to me an appropriate name.” 
(Whitman, 6‘ The Inadequacy of the Cell Theory of Develop- 
m ent . ”) 

I think that we need not ascribe to the egg a more cqmplex 
organization than it may be ultimately possible to discover in 
it by observation and experiment, and should attempt to explain 
the subsequent development, phenomenally at least, in a purely 
epigenetic manner. I am very far from asserting that in the 
case of the egg of Unio we have fully described the organiza- 
tion in the cytoplasm, to say nothing of the nuclear material. 
But what I do mean to assert is that we should rid ourselves of 
all mysticism in dealing in a purely scientific manner with the 
problem of the organization of the egg, or the nature of the 
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primary formative forces. These should be matters of pure 
description of facts observed, or inferences of a descriptive 
nature directly drawn from these facts ; theories of Potency 
should be left to  the metaphysicians. No amount of observa- 
tion or experiment will enable us to add anything to  meta- 
physical theories of potency ; if we are to devote ourselves to 
these, we might as well shut up our laboratories. 

I t  does not appear to me that in the above sense there is 
any insoluble problem in the whole field of heredity. W e  may 
hope, by sufficiently long, patient, and searching investigation, 
some day to be able to trace the organism through all phases 
of its metamorphoses from the egg of one generation to that of 
the next, to describe the exact nature of the organization that 
is continued throughout, to estimate at  its proper value the 
influence of external conditions at  each step, and so soIve the 
old riddle of evolution and epigenesis, and that of the influence 
cf the soma on the germ. That there is continuity of organi- 
zation we know, but what the organization that is continued 
may be, we do not know. This is the question that presses 
most at the present time for solution. 

The  solution of the problem of differentiation wouId be given 
by an exact description of e z ~ e ~ y  step in the process. If this 
ideal should ever be realized in any one cab:, there would be no 
further need of sci~7ztzjic theuiies of development. Rut it seems 
extremely improbable that it can ever be actually realized, 
though I believe that it will be possible by sufficiently detailed 
observation so closely to approximate what we call stages of 
development to each other that but a single rational theory 
will exist capable of filling up the gaps. Therefore, observa- 
tions such as those of Boveri ('99), Conklin ('99), and those de- 
scribed here seem to  me the surest means of approaching this 
theory, That experimental methods will be of immense serv- 
ice no one can doubt. The study of living material will also 
be an indispensable method. 

In  conclusion, then, I would state as my opinion that the 
organization that is continued from one generation to another 
consists of nuclear material in a mass of cytoplasm possessing 
a definite orientation, the extent and nature of which must be 



left to future investigation ; I have described here only what 
seemed to me necessarily to follow from the phenomena accom- 
panying the maturation, fertilization, and cleavage in Unia. I t  
is this orientation in the cytoplasm that gives a differential 
value to mere position (Driesch), for “position” in an unor- 
ganized mass of cytoplasm is unthinkable. We have sufficiently 
considered the evidence for believing that this organization must 
be a property of the idiosomes ; and it seems to me at present 
that Driesch’s conception of bilaterality of these elements is 
likely to prove a fruitful one. 

VASSAR COLLEGE, 
May, igoo. 



No. 2.1 ORGANlZATlON OF T H E  EGG O F  UNIO. 279 

LITERATURE. 

'89 AGAJSIZ, A,, AND WHITMAN, C. 0. The Development of Osseous 
Fishes. 11. The Pre-embryonic Stages of Development. Part I, 
The History of the Egg from Maturation to Cleavage, &fern. 
Mas. Corn-. ZoaZ., Harvard CoZZege. 

Kecherches sur la maturation de I'ceuf, la fecon- 
dation et la division cellulaire. 422 pp., 21 pls. Paris. 1883. 

Nouvelles recherches sur la f6con- 
dation et la division mitosique chez l'ascaride mdgalocephale. 
Leipzig, W. Engelmann, 85 pp., 6 pls., and Bull. de Z'Acad. Roy. de 
BeZgique. 

Etude sur la fecondation de l'ceuf de la truite. Bericht 
d. nafurf. Ges. au Frez'burg i. B., Zool. Abth. Bd. viii, pp. 163- 
191, Taf. VI. 

Ueber Reifung und Befruchtung des Eies von Petro- 
myzon Planeri. Arch. f. tnikr. Anat. Bd. xxxii, pp. 613-670, 
Taf. XXIV, XXV. 

'87 BOVERI, TH. Ueber den Antheil des Spermatozoons an der Theilung 
des Eies. Sifzungsber. a', Ges.f.  Mor-A. u. Phys. in Munchen. 
Bd. iii. 

'88 BOVERI, TH. Zellen-Studien, Heft 2. Die Befruchtung und Teilung 
des Eies von Ascaris megalocephala. 

'90 BOVERI, TH. Ueber das Verhalten der chro- 
matischen Kernsubstanz bei der Bildung des Richtungs-Korpers und 
bei der Befruchtung. Ienaische Zeifschr. f. Nafurwiss. Bd. xvii, 
N.F., pp. 1-88, Taf. 1-111. 

Ueber das Verhalten der Centrosomen bei der Befruch- 
tung des Seeigeleies nebst allgemeinen Bemerkungen iiber Centro- 
somen und Verwandtes. Verh. d $hysikaL-medic. Ges. zu Wiirz- 
burs 

'99 BOVERI, TH. Die Entwickelung von Ascaris megalocephala mit 
besonderer Riicksicht auf die Kernverhiiltnisse. Festschrift zum 
siebenzigsten Geburtstag von Carl von Kupffer. Pp. 48, Taf. I-IV. 
Jena, Gustav Fischer. 1899. 

Zur Kenntniss der Reifung des parthenogenetisch sich 
entwickelnden Eies von Artemia salina. Arch. f. mikr. Anaf.  
Bd. xliii. 

La v6sicde geminative et 
Ies globules polaires de l'Ascaris megalocephala. La CeZZuZe. 
Tome ii, pp. 3-76, Pls. I-IV. 

La fdcondation chez 1'Ascaris megalocephala. 
La CeZZzde. 

Vol. xiv, No. I. 

'83 BENEDEN, E. VAN. 

'87 BENEDEN, E. VAN, ET NEYT, A. 

'94 BLANC, H. 

'88 BOHM, A. A. 

Jena, Gustav Fischer. 
Zellen-Studien, Heft 3. 

'95 BOVERI, TH. 

Bd. xxix, N.F., pp. 1-75. 

'93 BRAUER, A. 

'86 CARNOY, J. B. La cytodiCrhse de l'aeuf. 

'97 CARNOY ET LE BRUN. 
Tome xiii, pp. 63-195, PIS. I, 11. 



280 LILLLE. [VOL. xvn  

'98 CHILD, C. M. The Maturation and Fertilization of the Egg of 
Arenicola marina. Trans. New York Acad. of Sci. Vol. xvi, 

'99 COE, WESLEY R. The Maturation and Fertilization of the Egg of 
Cerebratulus. ZooL lahub., Abth. f .  Anat. u. Ont. Bd. xii, pp, 425- 
476, Taf. XIX-XXI. 

'97 CONKLIN, E. G. The Embryology of Crepidula. / o x m .  of Morph. 
Vol. xiii, pp. 1-226, Pls. I-IX. 

'98a CONKLIN, E. G. See Summary of a paper delivered before the 
American Society of Morphologists at the Ithaca meeting, Decem- 
ber, 1897. Science. March, 1898. 

'98b CONKLIN, E. G. Cleavage and Differentiation. Bid. Lect., deliv- 
ered at  the Marine BioIogical Laboratory of Woods Holl, 1S96- 
1897. Boston, Ginn & Company. 1898. 

Protoplasmic Movement as a Factor of Differentia- 
tion. Biol. Lect., 1898. Boston, Ginn & Company. 1893. 

Betrachtungen iiber die Organisation des Eies und 
ihre Genese. Arch. f: E n t ~ i c ~ e Z x u n g s m e c ~ a u n i ~  a'er Orga,zisvzen. 
Bd. iv, Heft I ,  pp. 75-124. 

Ueber rein-miitterliche Charaktere an Bastardlarven von 
Echiniden. Arch. f. Entwicke(ungstlteclzani~ der Organimzen. 
Ed. vii, pp. 65-102. 

'99a DRIESCH, H. Die Lokalisation morphogenetischer Vorgange. Ein 
Beweis vitalistischen Geschehens. Arch.$ En~wicReZ~ungsmecha~?ik 
der Organismen. 

'99b DRIESCH, H .  Resultate und Probleme der Entwicklungsphysiologie 
der Tiere. 

'97 ERLANGER, R. VON. Beitrage zur Kenntniss der Structur des Pro- 
toplasmas, der karyokinetischen Spindel und des Centrosoms. 
I. Ueber die Befruchtung und erste Theilung des Ascariseies. 
Arch. f. mikr. Anat. 

'98 ERLANGER, R. VON. 11. 
Ueber die Befruchtung und erste Theilung des Seeigeleies. BioZ. 
CentraQL 

'93 FICK, R. Ueber die Reifung und Befruchtung des Axolotleies. 
2eitschr.f .  wisf. ZooZ. 

'91 FOL, H. Arch. des Sci. Phys. e t  mat .  
Tome xxv, 2e sdrie. 

'94 FOOT, KATHARINE. Preliminary Note on the Maturation and Fertili- 
zation of the Egg of Allolobophora foetida. / o w n .  of Morjh. 
Vol. ix, pp. 475-484. 

'97 FOOT, KATHARINE. The Origin of the Cleavage Centrosomes. /oxrn. 
of Morph. Vol. xii, pp. 809-814, P1. XXXIX. 

'9% FOOT, KATHARINE. The Centrosomes of the Fertilized Egg of Allo- 
lobophora foetida. h'iol. Lect., delivered at the Marine Biological 

PP. 387-394. 

'99 CONKLIN, E. G. 

'96 DRIESCH, H. 

'98 DRIESCH, H. 

Bd. viii, pp. 35-1 I I .  

Erg. a! Anat. u. Enfwick. Bd. viii, pp. 697-846. 

Bd. xlix, pp. 309-440, Taf. XV-XVII. 
Zur Kenntniss der Zell- und Kerntheilung. 

I 2 figs. in text. Bd. xviii, pp. 1-1 I .  

Bd. lvi, pp. 529-614, Taf. XXVII-XXX. 
Le quadrille des centres. 



No.2.1 ORGANIZATION OF THE EGG O F  UNIO. 281 

Laboratory of Woods Holl, 1896-1897. Pp. 45-57. Boston, Ginn & 
Company. 1898. 

'98b FOOT, KATHARINE, AND STROBELL, E. A. Further Notes on the Egg 
of hllolobophora foetida. Zool. Bull. Vol. ii, pp. 129-146, Pls. A, 
B, C. 

'96 GRIFFIN, BRADNEY B. The History of the Achromatic Structures in 
the Maturation and Fertilization of Thalassema. Trans. New York 
Acad of Sci. 

'99 GRIFFIK, BRADNEY B. Studies on the Maturation, Fertilization, and 
Cleavage of Thalassema and Zirphaea. Joum. of Morjh. Vol. xv, 
No. 3, pp. 583-634, Pls. XXXI-XXXIV. 

Ueber die Selbstandigkeit der vaterlichen und miitter- 
lichen Kernbestandtheile wahrend der Ernbryonalentwicklung von 
Cyclops. Arch. f. mikr. Anat .  Bd. xlvi, pp. 579-618, Taf. 
XXVI I I-xxx. 

Die Conjugation der Vorkerne und die erste Furch- 
ungsspindel im Ei  von Petromyzon fluviatilis. Anat. Anzeiger. 
Bd. xvi, pp. 369-376. 

'92 HERTWIG, 0. Die Zelle und die Gewebe. Erstes Buch. 296 pp. 
Jena, Gustav Fischer. 1892. 

'98 HERTWIG, 0. Ihiiz'. Zweites 13uch. 314 pp. 
'95 HILL, M. D. 

Vol. iii, pp. 163-176, PIS. IX-XI. 

'95 HACKER, V. 

'99 HERFORT, KARL. 

Notes on the Fecundation of the Egg of Sphaerechinus 
granularis and on the Maturation and Fertilization of the Egg of 
Phallusia mammillata. Quart. / o u m .  Micr. Sci. Vol. xxxviii, 
pp. 315-330, PI. XVII. 

The Early Development of Asplanchna Her- 
rickii De Guerne. BUZZ. Mzts. Comp. ZooL, Harvard CoZZege. 
Vol. xxx, pp. 1-117. 

Beitrage zur Kenntniss der Eireifung und 
Befruchtung bei Prostheceraeus vittatus. Arch. f. rrzikr. Anat. 
Bd. xlviii, pp. 587-605, Taf. XXVIII, XXIX. 

'95a KORSCHELT, E. Mittheilungen iiber Eireifung und Befruchtung. 
Verh. d. deutschen 2001. Ges. 

'95b KORSCHELT, E. Ueber Kerntheilung, Eireifung, und Befruchtung 
bei Ophryotrocha puerilis. 2eitsciw.f .  wiss. ZaoZ. Bd. Ix, pp. 543- 
688, Taf. XXVIII-XXXIV. 

Ueber das Verhalten der 
sogen. achromatischen Substanzen im befruchteten Ei, nach Be- 
obachtungen an Physa fontinalis. Arch.$ rnikr. Anat. Bd. xlvii, 
pp. 309-386, Taf. XVII-XX. 

Ueber die Bedeutung der Polstrahlung wahrend 
der Mitose und ihr Verhaltniss zur Theilung des Zellleibes. Avch. 
f. mikr.  Anat.  10 figs. 
in text. 

'98 KOSTANECKJ, K. v. Die Befruchtung des Eies von Myzostoma 

'96 JESSIKGS, HERBERT S. 

10 pls. 
'97 KLINCKOWSTR~M, A. VON. 

Pp. 96-109. 

'96 KOSTASECKI, K. v., UND WIERZEJSKY, A. 

'97 KOSTANECKI, K. v. 

Bd. xlix, pp. 651-706, Taf. XXIX, XXX. 



282 LILLIE. [VOL. XVII. 

glabrum. Arch. f; mi&. Anat. Bd. li, pp. 461-479, Taf. 

The Embryology of the Unionidae. Journ. of 

On the Origin of the Centers of the First Cleav- 
age Spindle in Unio. See next report of the meeting of the 
American Morphologists in Boston. Sciencc. Vol. v, p. I 14. 

Centrosome and Sphere in the Egg of Unio. 
Zool. BulZ. Vol. i, pp. 265-274. 7 figs. in text. 

Adaptation in Cleavage. Biol. Lect., delivered at 
Marine Biological Laboratory of Woods Holl. Pp. 43-67. 20 figs. 
in text. Boston, Ginn & Company. I 899. 

On the Nature of the Process of Fertilization and the Arti- 
ficial Production of Normal Larvae (Plutei) from the Unfertilized 
Eggs of the Sea-Urchin. Amer. Journ. of Phys. Vol. iii, pp. 135- 
138. Oct. 2, 1899. 

'97 MACFARLAND, F. M. Cellulare Studien an Mollusken-Eiern. ZooL 
Jahrb., Abth. f. Anat. u. Ont. Bd. x, pp. 227-264, Taf. XVIII- 
XXI. 

'95a MCMURRICH, J. P. Embryology of the Isopod Crustacea. Jorrvn. 
of Mor#h. 

'95b MCMURRICH, J. P. Cell-Division and Development. Bid. L e d ,  
delivered at the Marine Biological Laboratory of Woods Holl, 1894. 
Boston, Ginn & Company. 

Maturation, Fecundation, and Segmentation of Limax 
campestris. BuZZ. Mus. Corn$. ZooZ., Hurvard CoZZege. Vol. vi. 
1881. 

Some Observations on Maturation and Fecundation in 
Chaetopterus pergamentaceus Cuvier. /our. of Mor-h. Vol. X, 
PP. 313-317- 

'97 MEAD, A. D. The Origin of the Egg-Centrosomes. /oum. of Mor-h.  
Vol. xii, pp. 391-394. 

'98a MEAD, A. D. The Origin and Behavior of the Centrosomes in the 
Annelid Egg. /our%. of Mar-h. Vol. xiv, pp. ISI-ZIS, PIS. XVI- 
XIX. 

'98b MEAD, A. D. The Rate of Cell-Division and the Function of 
the Centrosome. Biol. Lect., delivered at the Marine Biological 
Laboratory of Woods Holl in the Summer Sessions of 1896-1897. 
Boston, Ginn & Company. 1898. 

'95 MEYER, 0. Cellulare Untersuchungen an Nematoden-Eiern. Jena- 
ische Zeitschr. f. Nafurmks. Bd. xxii, N.F., pp. 391-4:0, Taf. X, 
XI. 

The Production of Artificial Astrospheres. Arch. f. 
EntwickeZ~~ngsmecha%ik &Y Orgunismen. Bd. iii, pp. 339-361, 
Taf. XIX. 

XVII I, XIX. 

Morph. Vol. x, pp. 1-100, PIS. I-VI. 
'95 LILLIE, FRANK R. 

'97 LILLIE, FRANK R. 

' 98  LILLIE, FRANK R. 

'99  LILLIE, FRANK R. 

'99 LOEB, J. 

Vol. xi, pp. 63-1 54, PIS. V-IX. 

'81 MARK, E. L. 

'95 MEAD, A. D. 

'96 MORGAN, T. H. 



No.z.1 ORGANIZATION O F  TNE' EGG O F  UN!O. 283 

'99 MORGAN, T. H. The Action of Salt-Solutions on the Unfertilized 
and Fertilized Eggs of Arbacia and of Other Animals. Arch. f. 
BntwicRe~u~~~~slizechanik der Organismen. Bd. viii, pp. 448-539, 
Taf. VII-X. 

'99 NAME, WTLLARD G. VAN. The Maturation, Fertilization, and Early 
Development of the Planarians. Trans. Conn. Acad Sci. Pp. 263- 
300, Pls. XXXVI-XLI. 

'94 RETSKE, F. Zellstudien. Auch.f. mizikr. Anat. Bd. xliv. 
'95 REINKE, F. Untersuchungen iiber Brfruchtung und Furchung des 

Eies der Echinodermen. Sitzu?z,qs6er. d. k. Ahad. der Wiss. Berlin. 

'87 Roux, W. Reitrage zur Entwickelungsmechanik des Embryo. IV. 
Die Bestimmung der Medianebene des Froschembryo durch die 
Copulatiousrichtung des Eikernes und des Spermakernes. Arch.$ 
mikr. Anat., Bd. xxix; und GesaN. AM., Bd. ii, pp. 344-418, 
Taf. V. 

'%a RUCKERT, J. Ueber das Seibstandlgbleiben der vaterlichen und 
mutterlichen Kernsubstanz wahrend der ersten Entwicklung des 
befruchteten Cyclops-Eies. Arch. f. nzikr. Anat. Rd. xlv, pp. 339- 
369, Taf. XXI, XXII .  

'95b RUCKERT, J. Zur Befruchtung bei Cyclops strenuus. A n a t .  An-  
zezger. Bd. x, pp. 708-725. 

'95 SOBOTTA, J. Die Befruchtung und Furchung des Eies der hlaus. 
Arch. f. mi&r. A n d .  

'97 SOBOTTA, J. Die Reifung und Befruchtung des Eies von Amphioxus 
lanceolatus. ArcW.f. mikr.  Anat .  Bd. 1, pp. 15-71, Taf. IT-V. 

'96 STRICHT, 0. VAN DER. La maturation et la fCcondation de I'ceuf 
d'Amphioxus lanceolatus. Archives a'e SioZogic. Tome xiv. 

'97 STRICHT, 0.  VAN DER. Les Ovocentres et k s  sperniocentres de l'ovule 
de Thysanozoon Brocchi. Verh. d. Anat. Gss. nz l fd~r  elften Vers. 
in Gent. Pp. 9 2 9 9 .  

'98 STRICHT, 0. V 4 N  DER. La formation des deux g k h d e s  polaires et 
l'apparition des spermocentres dans l'euf de Thysanozoon Brocchi. 
Archives a'e Siologie. 

'88 VEJDOVSKY. Entwicklungsgeschichtliche Untersuchungen. 1 Reif- 
ung, Befruchtung, und Furchung des Rhynchelrnis Eies. Prag. 
1888. 

'90 W A T A S ~ ,  S. I. Cleavage of the Ovum. 
Joum. of M o r - h .  

'93 W A T A S ~ ,  S. Homology oi the Centrosome. J O U Y ~ ,  T f  Mo@h. 
Vol. viii, pp. 433-443. 

'94 W A T A S ~ ,  S. Biol. Lect., delivered at the 
Marine Biological Laboratory of Woods Holl. Pp. 273-287. Boz- 
ton, Ginn & Compny.  

The Behavior of the Centrosomes in the Fertil- 

1895. 

Bd. xlv, pp. 15-93, Taf. 11-VI. 1895. 

Tome xv, pp. 367-461, Pls. XV-XX. 

Studies on Cephalopods. 
Vol. iv, pp. 247-302, Pis. IX-XII. 

Origin of the Centrosome. 

'95 WHEELER, W. M. 



284 LILCIE. [VOL. XVII. 

ized Egg of Myzostoma glabrum Leuckart. Jourtt. of Morph. 

'97 WHEELER, W. M. The Maturation, Fecundation, and Early Cleavage 
of Myzostoma glabrum Leuckart. Archives de Biologie. Tome XV, 

The Inadequacy of the Cell-Theory of Development. 
BioZ. Lect., delivered at  the Marine Biological Laboratory of Woods 
Holl in the Summer Session of 1893. Pp. 105-124. Boston, Ginn 
& Company. 1894. 

Maturation, Fertilization, and 
Polarity in the Echinoderm Egg. Joura. of Morph. Vol. x, 
PP. 319-342. 

'96 WILSOS, E. B. The Cell in Development and Inheritance. New 
York, The Macmillan Co. 

'98 WILSON, E. B. Considerations on Cell-Lineage and Ancestral Remi- 
niscence, based on a Re-examination of Some Points in the Early 
Development of Annelids and Polyclades. A m .  iVew York Acad. 
Sci. Vol. xi, No. I .  27 pp. 

On Protoplasmic Structure in the Eggs of Echino- 
derms and Some Other Animals. Jozw~z.  of MorpW. Vol. xv, Sup- 
plement, pp. 1-28, Pls. I, 11. 

Untersuchungen uber die ersten Entwicklungsvor- 
gange der Nematoden. Bd. lx, pp. 351- 
410, Taf. XVII-XIX. 

'98 ZIEGLER, H. E. Experimentale Studien uber die Zelltheilung. 111. 
Die Furchungszellen von Beroe ovata. A rclz. f. Bntwickehungsme- 
chatrik der Orgaizismen. 

VO1. X, pp. 305-31 I .  

pp. 1-77, PIS. 1-111. 
'94 WHITMAN, C. 0. 

'95 WILSON, E. B., AND MATHEWS, A.  P. 

'99 WILSON, E.  B. 

'96 ZIEGLER, H. E. 
Zeitsclzr. f. wiss. Z o o l  

Bd. vii, No. I ,  pp. 34-64 Taf. IV, V. 



No.z.1 ORGANIZATION OF THE EGG OF Li-l:O. 2 8 5  

DESCRIPTION OF PLATES. 

All figures are from camera drawings of sections of the eggs of Unio compfu- 
nutu. Most of the figures are from single sections, but when two or more sec- 
tions are combined in a single drawing this is always stated in the description. 
The lenses used for the drawings were Zeiss Apochromat z mm. Homog. Immers. 
and compensating ocular No. 6, except where otherwise stated. The figures are 
all drawn from eggs killed in Boveri's picro-acetic mixture, and stained on the 
slide with Heidenhain's iron-haematoxylin, followed or preceded by Bordeaux 
red in aqueous solution. Needless to say other methods were used, but the 
drawings are not published. The sections were 5 or 6 2/3 p in thickness. 

EXPLANATION O F  PLATE XXIV. 

FIG. I .  Radial section through the egg. Early stage of the first maturation 
spindle. Sperm-head and comet-like sperm-amphiaster. 

FIG. 2. Perfect axial section. Part of the egg-membrane with the micropyle 
is shown. Somewhat later stage of the first maturation spindle than in Fig. I. 

The entire path of the spermatozoon is shown. Periphral distribution of yolk- 
granules. The section was injured before the completion of the drawing, so the 
maturation spindle is represented somewhat diagrammatically. 

FIG. 3. Sperm-nucleus in the same position as in Figs. I and 2 ; but the sperm- 
centrosome is just dividing. 

PIG. 4. Sperm-head and amphiaster from a stage of maturation similar to 
Fig. 2. The plane of separation of the sperm-centrosomes is nearly at  right 
angles to the penetration path. The distal sperm- 
centrosome is divided in three parts. 

FIG. 5.  Turning of the first maturation spindle ; stage intermediate between 
Figs. I and 2. 

FIG. 6. Section of unfertilized egg with first maturation spindle. In  the other 
eggs of the same lot, which were fertilized, the first polar globule was already 
fully formed, and the second in process of formation. 

FIGS. 7 a and 7 6. Sperm-nucleus and sperm-aster from different sections of the 
same egg, in a stage of maturation intermediate between Figs. z and 5. The cen- 
trosome in 7 u is attached by a fiber to the tip of the sperm-nucleus, and the aster 
is gone. The aster around the centrosome in 7 b is already breaking up. 

'But one cen- 
trosome could be found ; the one that originally lay nearer to the sperm-nucleus 
is entirely indistinguishable. 

FIG. 9. Radial section of the first maturation spindle at  the time of the meta- 
phase ; one of the chromosomes has already divided transversely. Part of the 
inner aster was drawn from another egg, where it showed more plainly. 

The 
sperm-centrosomes are now no longer distinguishable; and the clear area has 

Many similar eggs found. 

Combination of two successive sections. 

FIG. 8.  Slightly later stage of degeneration of the sperm-asters. 

FIG. gu.  Sperm-head in the same egg  from which Fig. g was drawn. 
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become much smaller. The sperm-nucleus is contracting, and may be seen to he 
composed of about sixteen chromatic vesicles. Only those of one surface shown. 

FIG. g b .  Sperm-nucleus of another egg in the same stage of maturation, to 
show the vesicular structure. 

FIG. 10. Tangential section through the outer aster in the stage of Fig. 9, to 
show the concentric spheres, inner and outer, and the rays penetrating to the 
dumb-bell-shaped centrosome. 

FIG. xi. First maturation spindle just before the beginning of the protrusion 
of the first polar globule. The centrosomes at  each end are double, and the chro- 
mosomes are assuming the form characteristic of the second maturation division, 
thus repeating their form in the first maturation spindle. The microsomes are 
beginning to grow large in the interzonal region where the stress has ceased. 
CJ Fig. 8. 

I n  this stage the two centrosomes of each 
inner sphere are distinctly compound, double or quadruple. The enormous size 
of the microsomes in this stage is especially noticeable. The chromosomes have 
completely assumed the form Characteristic of the second maturation division. 

The inner sphere and group 
of chromosomes have moved bodily near to the surface, to which they are 
attached by a new set of radiations. The sphere remaining in the egg is smaller 
than in the preceding stage (Fig. KZ), and the centrosomes within it are closer 
together. 

FIG. 14. The first polar globule is fully formed, but is still attached by means 
of ‘I Zwischenkorper ” fibers to the surface of the egg. (These were found in the 
next section, which is not figured.) The centrosomes of the egg-sphere are now 
in contact, and the radiations which in Fig. g extend from the sphere to the surface 
have now been resolved into vesicular cytoplasm. 

FIG. 12. First maturation spindle. 

FIG. 13. Constriction of first polar globule. 





288 LfLLIE. 

EXPLANATION OF PLATE XXV. 

FIG. 15. Earliest stage in the formation of the second maturation spindle. 
The central spindle arises within the inner sphere. Each of the centrosomes is at  
least quadruple. Radiations surround the entire sphere, and are not specially 
related to the centrosomes of the new central spindle. The fibers of the aster of 
the first maturation spindle form a reticulum with large, deeply staining microsomes. 

FIG. 16. Slightly later stage; the elongation of the central spindle has 
stretched the sphere into an elliptical form. The boundary of the sphere forms 
the periphery of the new central spindle, from all parts of which radiations proceed. 

FIG. 17. Further elongation of the central spindle ; the radiations of the pre- 
ceding stages (Figs. 15 and 16) have become resolved into vesicular cytoplasm, 
and new asters are forming in this from each of the compound centrosomes; the 
aster at  the inner end of the spindle is much farther developed than that at the 
outer end. Mantle-fibers are attached to the chromosomes, which are being 
drawn towards the equator of the spindle. The centrosomes are larger and more 
subdivided than in the preceding stages, but as they are somewhat flattened 
radially this is not very evident in this figure. 

FIG. IS. Later stage. The chromosomes are now nearly at  the equator of the 
spindle. The inner centrosome has nearly undergone the metamorphosis more 
fully pictured in Figs. 24-27. The outer end of the spindle is in contact with 
the surface, apparently as a result of the elongation of the spindle; fibers pass 
from the inner centrosome to the surface. 

FIG. 19. In  this stage the outer centrosome still consists of a number of deeply 
staining granules, each of which under ocular IS seems to be compound. The 
outer sphere is now established by the arrangement of the first row of microsomes. 

FIG. 20. The outer centrosome has now completed its metamorphosis into a 
sphere (inner sphere) with central granufe (centrosome). The chromosomes are 
splitting longitudinally. For the sake of clearness only about one-third of the 
chromosomes are drawn in. 

FIGS. 21-23. Metaphase and anaphase of the second maturation spindle. 
Note the peripheral distribution of the yolk in Fig. 23. 

FIGS. 24-27. These are tangential sections through the outer centrosome of 
the second maturation spindle in the stages of the spindles figured immediately 
above them (Figs. 17-20). They are camera drawings with comp. oc. No. S and 
hom. imm. apo. 2 mm. of Zeiss. 

The inner end of the second maturation 
spindle (in the anaphase), cut obliquely, is to the right. The sperm-nucleus in 
this egg was found in another section near the side of theegg opposite to the 
accessory amphiaster. 

FIG. 29. Figs. 29-31 illustrate the second mode of formation of the second 
maturation spindle. I n  Fig. 29 the aster and centrosome of the first maturation 
spindle have almost entirely disappeared. 

FIG. 30. The chromosomes have moved in towards the center of the egg, and 
the central spindle is forming in a horizontal plane. Each end of the spindle is 
occupied by a group of centrosome granules. 

FIG. 31. The spindle is completely formed and has swung into its definitive 
radial position. At each end of the spindle is a large group of centrosome gran- 
ules, which later undergo the metamorphosis shown in Figs. 24-27. There is no 
such difference in the time of the metamorphosis of the centrosomes in this mode 
of formation of the spindle as in the other mode. 

See, however, Fig. 24. 

FIG. 28. Accessory amjhiastcr. 
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FIG. 32.  Telophase of the second maturation spindle. The inner sphere has 
enlarged considerably, and in place of the single centrosome there are a number 
of deeply staining bodies united by a delicate reticulum within the sphere. The 
entire sphere stains more darkly than before. The aster shows the usual appear- 
ance of degeneration, being thickly studded with large microsomes. 

The inner sphere 
has swollen up to a relatively enormous size, and is occupied by a loose-meshed 
reticulum with deeply staining microsomes on the fibers. 

FIG. 34. The egg-nucleus has enlarged considerably, and the sphere substance 
is continuous with the general cytoplasm. 

FIG. 35. Beginning of the migration of the germ-nuclei. The egg-nucleus, 
accompanied by the sphere substance, is moving towards the side of the egg away 
from the sperm-nucleus, which has taken up its march in the general direction of 
the egg-nucleus. Zeiss 4/2 mm. Combination of four sections. 

In this 
stage the sphere substance has elongated in a plane at  right angles to a line unit- 
ing the germ-nuclei and to the axis of the egg. 

FIG. 37. Section in the plane indicated on Fig. 36 to show the elongation of 
the sphere substance. 

FIG. 37". Outline of sphere substance in a later stage stretching completely 
across the egg. 

FIG. 38. Meeting of the germ-nuclei. This is the earliest stage in which the 
cleavage centrosomes can be distinguished. The figure is a combination of two suc- 
cessive sections; hence the appearance of overlapping of the nuclei. Thecentrosomcs 
a m  therefore simp& seen thruuch t k e  nucZPi. They do not lie in them. For the sake 
of clearness the chromatin has been omitted, except in the right-hand border of 
the egg-nucleus. The latter can be distinguished from the sperm-nucleus by its 
relation to the sphere substance, which can still be distinguished. 

FIGS. 39-43. Illustrate origin of asters, spheres, and chromosomes of the first 
cleavage spindle. The position of every Chromatin granule and spindle fiber in 
Figs. 39-43 is drawn in as accurately as possible. 

FIG. 39. Combination of two successive sections; before the formation of the 
central spindle. The centrosomes are broken into a number of parts imbedded 
in a red-staining mass. 

FIG.  40. Slight advance in aster and spindle formation. First rudiments of 
chromosomes may be distinguished ; mag. Zeiss 8/2 mm. 

FIG. 41. Origin of central spindle; chromosomes and mantle-fibers forming. 
Notice chromatin masses near the centrosomes. Slight diminution in amount of 
basichromatin. Zeiss 8/2 mm. ' FIG. 42. Combination of two successive sections. Great diminution in amount 
of basichromatin ; long chromosomes appearing. Other chromatin granules in 
spindle fibers, and yet others in the neighborhood of the centers. Remainder in 
the form of oxychromatin (?). %is S / z  mm. 

FIG. 43. Early stage of the first cleavage spindle ; the two groups of chromo- 
somes readily distinguished; each chromosome is very long and delicate but 
distinctly double. 

FIG. 44. Later stage of the first cleavage spindle before its shifting. Vesicular 
6' centrosome " (inner sphere). 

FIG. 33. Beginning of reconstruction of the egg-nucleus. 

FIG. 36. Similar section in a slightly later stage of the migration. 

Zeiss 4/2 mm. 

Outer sphere well marked ; mag. Zeiss S/2 mm. 
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FIG. 45. Shifting of first cleavage spindle to one end of the egg. Observe 
that the spindle does not elongate as it moves. Stage immediately preceding the 
metaphase. 

FIG. 46. Metaphase of the first cleavage spindle; for the sake of clearness 
only about one-third of the chromosomes in the section were drawn. I n  this 
stage there is a single centrosome within a hollow inner sphere. The egg is per- 
fectly round. 

FIG. 47. Anaphase. Egg slightly elongated in the plane of the spindle. The 
inner sphere is enlarged and occupied by a delicate reticulum. 

FIG. 48. Beginning of telophase ; the spindle has shifted to its definitive posi- 
tion; the line of shifting is plainly marked. The outer sphere has disappeared ; 
the inner spheres have enlarged yet further, and are occupied by a reticulum with 
microsomes at  the nodes. 

Constriction in first cleavage plane 
begun. The inner sphere has grown much more and altered its form; its reticu- 
lum is wider-meshed. The remains of the aster is a close-meshed reticulum (or 
foam). The migration of the sphere substance in the larger cell is already 
indicated. 

The sphere substance has lost its 
sharp boundaries, and in the larger cell is migrating towards one side of the cell 
which is elongating in that direction. 

FIGS. 51 and 52. Two sections of the larger cell parallel to the first cleavage 
plane in a slightly later stage. The nucleus is yet in process of reconstruction, 
and the sphere substance is stretching across the cell. The furrow is on the vege- 
tative pole surface of the cell. 

FIG. 49. Combination of two sections. 

FIG. 50. Combination of two sections. 






